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ZOOLOGICAL RESEARCH 


Taxonomy is the cornerstone of biodiversity 
conservation — SEABRI reports on biological 


surveys in Southeast Asia 


The Southeast Asia Biodiversity Research Institute (SEABRI) is 
an international scientific research and education organization 
affiliated directly to the Chinese Academy of Sciences (CAS) 
and managed by the Xishuangbanna Tropical Botanical Garden 
(XTBG). By harnessing its connections with all CAS institutes, 
local institutes and international agencies and leveraging on 
their resources, it seeks to make a significant contribution to 
biodiversity conservation in Southeast Asia. SEABRI intends to 
project itself as a crucial networking platform for biodiversity 
researchers from both China and Southeast Asia, an 
internationally respected research and conservation institution 
on Southeast Asian biodiversity, and a model on cooperation on 
research and education between China and Southeast Asian 
countries. 

This special issue of Zoological Research, entitled 
"SEABRI Reports on Biological Surveys in Southeast 
Asia” represents a new effort by SEABRI to promote 
awareness of the biodiversity and its conservation in the 
region. Because nature conservation is built upon a 
foundation of knowledge about life's diversity itself, we are 
focusing on taxonomic discoveries in the first instance. Seven 
articles in this issue involve the description of new species 
from biological surveys in the region. They include a new rain- 
pool frog (Anura: Dicroglossidae) from Thailand, a new 
species of snake (Serpentes: Colubridae) and a sisorid catfish 
(Siluriformes, Sisoridae) from southern China, a new species 
of landhopper (Amphipoda, Talitridae) from Myanmar, new 
species of spiders (Araneae, Scytodidae) from China and 
Thailand, and the discovery of cyprinid fishes (Teleostei: 
Cypriniformes) in Myanmar. Results of ornithological explorations 
in northern Myanmar and the phylogenetics of leaf muntjac 
are also reported. All studies are financially supported by 
the CAS (2015CASEABRIOO5, YAZK111B01). 

Southeast Asia has arguably the highest degree of endemism 
and species richness in the world. The region has four 
overlapping biodiversity hotspots: Indo-Burma, Philippines, 
Sundaland and Wallacea (Myers et al., 2000; Sodihi et al., 
2004). This pattern of species richness has been related to 
plate tectonic events and climate changes (Renema et al., 2008; 
Leprieur et al., 2016). During the Tertiary, the collision of India 
with Eurasia resulted in the uplifting of the Himalayas and the 
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Tibetan Plateau, and the extrusion of Indochina (Royden et al., 
2008; Hou et al., 2011; Hou & Li, 2017). Geological events 
probably also triggered climate change, which, in turn, led to an 
increase in biodiversity in Southeast Asia (Che et al., 2010; Luo 
& Li, 2017). In this issue, the distribution pattern of land-hoppers 
in high mountains, which are closely related to the sand 
hoppers in the seashore, highlights the significance of 
geography in shaping evolutionary history. The authors (Zheng 
& Hou, 2017) hypothesize that the collision between India and 
Eurasia has driven the marine-originated animals to colonize 
terrestrial habitats, and move to high elevations during the 
mountain building. 

Taxonomic discoveries go beyond just setting the framework 
for our understanding of the evolution of life on earth. In fact, 
taxonomy is the cornerstone of conservation, as we need to 
inventorize our species diversity before we can devise policies 
to protect them and manage their habitats and our other natural 
resources in a sustainable way. It is perhaps time to better 
integrate the science of taxonomy with conservation practices 
to meet one of the most serious challenges that threaten our 
planet today. Many species will become extinct before we know 
that they even exist in Southeast Asia. We must step up our 
efforts to discover, describe, and document our natural heritage 
for our future generations. We must provide science-based data 
to our conservationists, resource managers and policy makers 
so that they can all pitch in to save our biota. It is a daunting 
task, but it is necessary, and absolutely urgent. 
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ABSTRACT 


Nine new species of the genus Stedocys Ono, 1995 
are described: Stedocys gaolingensis Wu & Li sp. n. 
(69, Guangxi), S. huangniuensis Wu & Li sp. n. (9, 
Guangxi), S. ludiyanensis Wu & Li sp. n. (69, 
Guangxi), S. matuoensis Wu & Li sp. n. (2, Guangxi), 
S. pulianensis Wu & Li sp. n. (4, Guangxi), S. shilinensis 
Wu & Li sp. n. (£9, Hainan), S. xianrenensis Wu A 
Li sp. n. (69, Guangxi), S. xiangzhouensis Wu & Li 
sp. n. (6 9, Guangxi) from China, and S. zhaoi Wu & 
Li sp. nov. ($9, Kanchanaburi) from Thailand. 
Diagnoses of nine new species are provided. DNA 
barcodes for six new species are documented for 
future use and as proof of molecular differences 
between these species. 


Keywords: Taxonomy; 
Biodiversity; Caves 


Morphology; Diagnosis; 


INTRODUCTION 


The genus Stedocys was established by Ono (1995) based 
on male of S. uenorum Ono, 1995 collected from a cave in 
Thailand. Thus far, this genus comprises only three species: 
S. uenorum from Thailand, S. /eopoldi (Giltay, 1935) from 
Malaysia and Thailand, and S. pagodas Labarque et al., 
2009 from China (World Spider Catalog, 2017). According to 
Ono (1995), the genus Stedocys is diagnosed by a short 
tarsus and relatively long bulb with an aciculate embolus. 
Diagnosis of the genus Stedocys may change based on 
molecular phylogenetic study if fresh material of S. uenorum 
available. However, it is not possible to recollect S. uenorum 
until now because no detailed information on the type 
locality. 

In this paper, we describe nine new species of the genus 
collected in caves from China and Thailand. Morphological 
descriptions and photos are given for all new species. 
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MATERIAL AND METHODS 


Specimens were examined and measured with a LEICA M205 
C stereomicroscope. Images were captured with an Olympus 
C7070 wide zoom digital camera (7.1 megapixels) mounted on 
an Olympus SZX12 dissecting microscope, and they were 
montaged using Helicon Focus 6.6.1 image stacking software 
(Khmelik et al., 2006). Male and female genitalia were 
examined and photographed after dissection. Female copulatory 
organs were excised using sharpened needles and then 
transferred to lactic acid for examination under the microscope, 
after the fatty tissue dissolved, the vulvae were immersed in 
Hoyer's solution for imaging. The left male palp is shown unless 
otherwise indicated. All specimens are preserved in 7596 
ethanol. All measurements are taken in millimeters. Leg 
measurements are shown as: total length (femur, patella, tibia, 
metatarsus, tarsus). Leg podomeres were measured on their 
dorsal side. The distribution map was generated with ArcView 
GIS 3.2. References to figures in the cited papers are listed in 
lowercase (figure or figures); figures from this paper are noted 
with an initial capital (Figure or Figures). 
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Chelicerae were photographed with an FEI Quanta 450 
environmental scanning electron microscope (SEM). Prior to 
examination, they were cleaned with an ultrasonicator and 
critical point dried with a Leica EM CPD300 automated critical - 
point dryer. Before critical point drying, these specimens were 
gradually dehydrated in increasing concentrations of ethanol for 
24—48 hs. Dried specimens were then mounted sputter coated 
for 120s using a Leica EM SCD050 super cool sputter coater. 

All specimens have been deposited in the Institute of Zoology, 
Chinese Academy of Sciences (IZCAS) in Beijing, China. 
Specimens were stored in 95% ethanol at —20 °C. Total 


Table 1 GenBank accession Nos. for CO/ data obtained for this study 


Species GenBank accession No. 
Stedocys ludiyanensis Wu & Li sp. nov. KY197477 
Stedocys matuoensis Wu & Li sp. nov. KY197478 
Stedocys shilinensis Wu & Li sp. nov. KY197479 
Stedocys xianrenensis Wu & Li sp. nov. KY197480 


Stedocys xiangzhouensis Wu & Li sp. nov. KY197481 


Stedocys zhaoi Wu & Li sp. nov. KY197482 


Taxonomy 

Family Scytodidae Blackwall, 1864 

Genus Stedocys Ono, 1995 

Stedocys Ono, 1995: 132. Labarque et al., 2009: 2. Type 
species by original designation: Stedocys uenorum Ono, 1995. 


Diagnosis. Males of Stedocys are distinguished from other 
genera of Scytodidae by having a short cymbium, lacking an 
apical digitiform extension (present in other genera), an 
aciculate or coiled distal part of the embolus, and lacking a 
hyaline membrane in the tegular part of the palp (Figures 1A, 
4A, 14A, 16A). Females can be distinguished from other genera 
by the presence of unpair sclerotized plate (Ups) (Figures 5B, 
15B) and a slightly sclerotized post- (Figures 5A, 7A) or pre- 
epigastric foveae (Figure 17A-B). 


Description. Total length (males and females) 10.26-23.05. 
Prosoma longer than wide, posteriorly domed, thoracic furrow 
present in some species. Chelicerae sturdy and long compared 
to fangs, with a triangular cheliceral medial lamina separated 
from the paturon's margin by a deep depression, with setae 
distribted on the cheliceral lobe, and stridulatory ridges in all 
females (Figures 18—21). Leg formula I-II-IV-III. All tarsi with 
well-developed onychia, and claw | and Il with a bipectinate 
proclaw (see Labarque et al., 2009: 7, figures 21-24). Female 
palp with a pair of apical prolateral blunt macrosetae (see 
Labarque et al., 2009: 7, figures 27, 30). Colulus well defined, 
with developed posterior projection (see Labarque et al., 2009: 
/, figures 31, 44, 46), if a feature isnt mentioned in a 
description, it is the same as that for the genus. 

Male palp: Cymbium short, with short or no apical extension; 
embolus aciculate or coiled distally, without stylus in the apex of 
the bulb. 
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genomic DNA was extracted from legs of a single specimen. 
For six species we were able to obtain the DNA barcodes. The 
samples for S. gaolingensis Wu & Li sp. nov., S. huangniuensis 
Wu & Li sp. nov., S. pulianensis Wu & Li sp. nov., were not 
extracted successfully. A partial fragment of the mitochondrial 
gene cytochrome oxidase subunit | (CO/) was amplified and 
sequenced following the protocol in Miller et al. (2010). Primers 
used in this study are: LCO1490 (5-CWACAAAYCATARRGATA 
TTGG-3) and HCO-N-2198 (5-TAAACTTCAGGGTGACCAA 
AAAATCA-3') (Folmer et al., 1994). Voucher information and 
GenBank accession Nos. for all samples are listed in Table 1. 


Collection localities 

Ludiyan Cave, Guilin City, Guangxi, China 

Matuo Cave, Longlin County, Baise City, Guangxi, China 

Shilin Cave, Maogan Town, Baoting County, Hainan, China 
Xianren Cave, Longan County, Nanning City, Guangxi, China 

A cave without name, Xiangzhou County, Laibin City, Guangxi, China 


A cave without name, Sai Yok District, Kanchanaburi, Thailand 


Vulva: Atypical for the family, with a single sclerotized plate 
(Figures 5B, 15B), and slightly sclerotized post- or pre- 
epigastric foveae, with one or two pairs of spermathecae, 
arising from the epigastric furrow. 


Natural history. Specimens were found in humid karst caves 
hanging on webs in the aphotic zone, far from the entrance of 
the cave, or at the low light zone of the cave. 


Distribution. Southeast Asia (South China, Malaysia, Thailand). 


Stedocys gaolingensis Wu & Li sp. nov. 
Figures 1-2, 18A-B 


Type material. Holotype: 4, Cave No. 2 (N24905.711', 
E108°04.954', 175 m a.s.l.) Longguangshangtun, Longchi 
Village, Gaoling Town, Duan County, Hechi City, Guangxi, 
China, 06.03.2016, X. Zhang and Z. Chen. Paratype: 19, same 
data as holotype. 


Etymology. The specific name refers to the type locality; 
adjective. 


Diagnosis. The male can be easily distinguished from the other 
species by having the cymbium almost 2 times longer than the 
tegular part of the bulb (Figure 1A-B), by the embolus being 
subequal to the palpal tarsus in length, and the embolus slightly 
bent ventrally; females are easily distinguished from other 
species by the large, round spermathecae (Figure 2B). 


Description. Male (holotype): Total length 18.82; carapace 
9.05 long, 6.35 wide; chelicerae 2.10 long, labium 2.15 long, 
1.15 wide, sternum 2.85 long, 1.05 wide; opisthosoma 9.52 
long, 5.57 wide;. Leg l: 100.88 (29.52, 2.75, 28.25, 37.11, 3.25), 


ww | 








Figure 1 Stedocys gaolingensis sp. nov., holotype male 
A-B: Left palp (A: Prolateral view; B: Retrolateral view); C—F: Bulb (C: Prolateral view; D: Retrolateral view; E: Dorsal view; F: Ventral view). e: 
embolus, s: subtegulum, t: tegulum, st: subtegulum+tegulum, Ta: tarsus, T: tibia. Scale bars: 1.00 mm (A-B), 0.25 mm (C-F). 
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Figure 2 Stedocys gaolingensis sp. nov., holotype male (C) and paratype female (A-B, D—E) 
A: External genitalia, ventral view; B: Vulva, dorsal view; C—E: Habitus (C—D: Dorsal view; E: Ventral view). ef: epigastric furrow, ep: epyginal pouch, Pf: 
postepigastric foveae, sp: spermathecae. Scale bars: 0.50 mm (A-B), 5.00 mm (C-E). 
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leg Il: — (27.26, 2.64, 25.66, —, —), leg Ill: 55.78 (17.12, 2.41, 
15.55, 18.25, 2.45), leg IV: 73.73 (21.75, 2.75, 22.25, 23.93, 
3.05), palp: 14.39 (6.35, 1.52, 5.27, —, 1.25). Carapace pale 
reddish-brown, with transverse brown stripes and longitudinal 
bands marginally, covered with dense hairs posteriorly, thoracic 
furrow shallow (Figure 2C). Eye sizes: PME 0.38; ALE 0.35; 
PLE 0.35. Chelicerae with 2 conspicuously spaced stridulatory 
ridges (Figure 18B), fangs, endites, labium sternum and colulus 
follow the generic pattern. Habitus as in Figure 2C. Legs 
yellowish-brown, very long, five times longer than the body 
length, and slender (Figure 2C). Opisthosoma whitish-yellow 
dorsally, the first half with two irregular pairs of brown marks 
extending laterally and four pairs of chevron-like marks on 
the posterior half. Palp as in Figure 1A—F; tip of cymbium 
covered with dense cluster of setae, embolus slightly curved, 


embolus tip apically blunt, bulb 1.55 long, elongated (Figure 1B). 


Female: Total length 23.05, carapace 11.05 long, 8.25 wide; 
chelicerae 2.10 long, sternum 5.25 long, 3.55 wide; labium 2.62 
long, 1.35 wide; opisthosoma 12.02 long, 7.75 wide. Leg l: 
89.30 (25.52, 2.92, 25.65, 31.75, 3.46), leg Il: 78.18 (22.75, 
2.82, 22.82, 26.54, 3.25), leg Ill: 54.53 (16.55, 2.85, 15.35, 
17.15, 2.63), leg IV: 72.69 (22.16, 3.05, 21.98, 22.75, 2.75), 
palp: 9.47 (3.04, 1.32, 2.49, —, 2.62). Prosoma with brown radial 
stripes and reddish markings marginally, highest at the center, 
covered by slender hairs posteriorly, thoracic furrow 
conspicuous (Figure 2D), chelicerae with 3 stridulatory 
ridges mesally (Figure 18A). Eye diameters: PME 0.44; ALE 
0.38; PLE 0.38. Other characters similar to male except for 
the color: the female has a more yellow carapace and a 
browner opisthosoma and legs. Habitus as in Figure 2D-E. 
Vulva (Figure 2B) with only one pair of oval receptacles with 
an interdistance of 1.53. 


Distribution. Known only from type locality in Guangxi, China 
(Figure 22). 


Natural History. The species was found in the aphotic zone, far 
from the entrance of the long, humid cave. 


Stedocys huangniuensis Wu & Li sp. nov. 
Figures 3, 18C 


Type material. Holotype: ?, Huangniu Cave (N23*55.120', 
E107*37.479', 175 m a.s.l.), Damo Village, Jiangnan Town, 
Dahua County, Hechi City, Guangxi, China, 23.09.2015, J. Wu 
and Z. Chen leg. Paratypes: 59, same data as holotype; 39, 
same locality, 08.03.2007, J. Liu and Y. Lin. 


Etymology. The specific name refers to the type locality; 
adjective. 


Diagnosis. The female resembles that of S. gaolingensis sp. 
nov. (Figures 1—2) in having a pair of receptacles in the uterus 
externus, but can be easily distinguished from other species by 
the non-oval spermathecae and the relatively short distance 
between spermathecae (Figure 3B). 


Description. Female (holotype): Total length 12.77, prosoma 
6.27 long, 3.76 wide, opisthosoma 6.25 long, 3.75 wide, labium 
2.48 long, 1.75 wide, sternum 2.77 long, chelicerae 1.15, 2.25 
wide. Leg l: 47.02 (14.75, 1.77, 10.25, 17.28, 2.97), leg Il: 40.97 
(12.15, 1.75, 11.77, 12.76, 2.54), leg Ill: 30.54 (8.75, 1.54, 8.75, 
9.25, 2.25), leg IV: 41.07 (10.47, 1.75, 12.54, 13.78, 2.53), palp: 
7.23 (2.37, 0.98, 1.73, —, 2.15). Carapace whitish-brown with 
faint brown radial stripes and longitudinal bands laterally (Figure 
3E), highest at the center, ocular area covered with few hairs 
around eyes, thoracic furrow absent (Figure 3C). Eye diameters: 
PME 0.34; ALE 0.29; PLE 0.28. Chelicerae with 7 stridulatory 
ridges (Figure 18C), fangs, endites, labium sternum and colulus 
follow generic pattern. (Figure 3D). Habitus as in Figure 3C—E. 
Legs yellowish, without rings or spines. Opisthosoma brownish- 
yellow dorsally, anterior half with 4 irregular spots and 5 pairs of 
chevron-like marks on posterior half. Colulus trapeziform. Vulva 
(Figure 3B) with a pair of oval spermathecae, and the 
interdistance between spermathecae is 0.33. 


Male: Unknown 


Distribution. Known only from type locality in Guangxi, China 
(Figure 22). 


Natural History. The female was found in the aphotic zone, 
deep inside the long, humid cave, hanging on its web with 
many immature spiders. 


Stedocys ludiyanensis Wu & Li sp. nov. 
Figures 4—6, 21B-C 


Type material. Holotype: 4, Ludiyan Cave (N25?18.527', 
E110°15.833', 164 m a.s.l.) Guilin City, Guangxi, China, 
07.10.2010, X. Wang and L. Lin. Paratypes: 89, same data as 
holotype. 


Etymology. The specific name refers to the type locality; 
adjective. 


Diagnosis. The male can be easily distinguished from all 
known congeners in Stedocys by having the tarsus 2 times 
longer than the basal portion of the bulb, and by the long, 
slender and straight embolus that is 1.5 times longer than the 
tarsus (Figure AA Di The female can be distinguished by the 
relatively small spermathecae beside the uterus externus, by 
the having the uterus externus enclosed by the curved anterior 
plate and posterior plate, by the postepigastric fovea with 
postgastral sulci, and by the unpaired posterior sclerotization 
underneath the posterior plate (Figure 5B-C). 


Description. Male (holotype): Total length 16.10, carapace 
7.45 long, 5.85 wide, labium 1.55 long, 1.25 wide, sternum 3.58 
long, opisthosoma 8.13 long, 5.65 wide, 2.75 wide. Leg l: 87.26 
(23.33, 2.13, 28.55, 30.62, 2.63), leg Il: 67.93 (19.05, 2.25, 
19.74, 24.25, 2.64), leg Ill: 37.52 (12.11, 2.14, 11.53, 9.59, 2.15), 
leg IV: 48.67 (16.05, 2.15, 16.48, 11.35, 2.64), palp: 9.85 (3.62, 
1.35, 3.83, —, 1.05). Carapace pale brownish yellow, with brown 
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Figure 3 Stedocys huangniuensis sp. nov., holotype female 
A: External genitalia, ventral view; B. Vulva, dorsal view; C—E. Habitus (C. Dorsal view; D. Ventral view; E. Lateral view). ef: epigastric furrow, ep: 
epyginal pouch, Pf: postepigastric foveae, sp: spermathecae. Scale bars: 0.50 mm (A), 0.25 mm (B), 4.00 mm (C-E). 
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Figure 4 Stedocys ludiyanensis sp. nov., holotype male 
A-B: Left palp (A: Prolateral view; B: Retrolateral view); C—F: Bulb (C: Prolateral view; D: Retrolateral view; E: Dorsal view; F: Ventral view). e: embolus, 


s: subtegulum, t: tegulum, st: subtegulum+tegulum, Ta: tarsus, T: tibia. Scale bars: 1.00 mm (A-B), 0.50 mm (C-F). 
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Figure 5 Stedocys ludiyanensis sp. nov., paratype female 
A: External genitalia, ventral view; B: Vulva, dorsal view; C: Vulva, top view. Asp: anterior sclerotized plate, ef: epigastric furrow, ep: epyginal pouch, Pf: 
postepigastric foveae, Ps: postgastral sulci, Psp: posterior sclerotized plate, sp: spermathecae, Ups: unpair sclerotized plate. Scale bars: 0.50 mm (A- C). 
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Figure 6 Stedocys ludiyanensis sp. nov., holotype male (A) and paratype female (B, C), habitus 


A-B: Dorsal view, C: Ventral view. Scale bars: 4.00 mm (A-C). 


radiating stripes and reddish bands marginally, highest at the 
middle posteriorly, with an arcuate appearance from the dome 
to the clypeus in lateral view, covered by dense serrate hairs 
posteriorly, no thoracic furrow (Figure 6A). Six eyes follow 
generic pattern. Eye diameters: PME 0.36; ALE 0.35; PLE 0.35. 
Chelicerae with seven stridulatory ridges mesally (Figure 21C), 
fangs, endites, labium sternum and colulus follow generic 
pattern. Habitus as in Figure 6A. Legs yellowish, without spines 
or annulated marks, claws follow generic pattern. Opisthosoma 
whitish dorsally, the first half with two pairs of irregular marks 
extending laterally and three pairs of chevron-like marks on the 
posterior half. Spinnerets short, follow generic pattern; colulus 
oval, can be easily observed. Palps as in Figure 4A-F; palp 
blunt apically, the fusion of subtegulum and tegulum shorter 
than tarsus; the apex of tarsus covered with a dense cluster of 
hair, the apex of the embolus gradually curved, bulb implanted 
prolaterally in tarsus (Figure 4B). 


Female: Total length 14.73, chelicerae 1.51, with a long series 
of 10 spaced stridulatory ridges ectal mesally (Figure 21B), 
prosoma 6.25 long, 4.75 wide, opisthosoma 8.48 long, 5.53 


wide, labium 1.25 long, 1.15 wide, sternum 3.05 long, 2.25 wide. 


Leg l: 43.86 (12.65, 1.67, 12.94, 14.25, 2.35), leg Il: 37.52 
(11.05, 1.66, 10.95, 11.75, 2.11), leg III: 26.57 (8.05, 1.67, 7.35, 
7.85, 1.65), leg IV: 35.50 (10.48, 1.75, 10.63, 10.89, 1.75), palp: 
5.74 (1.65, 0.63, 1.51, —, 1.95). Prosoma with brown radiating 
stripes and a longitudinal pattern, highest at the center, with few 
hairs, and a conspicuous thoracic furrow (Figure 6B). Eye 
diameters: PME 0.44; ALE 0.35; PLE 0.41. Other characters 
similar to male except for the more yellow opisthosoma and 


browner legs. Habitus as in Figure 6B-C. Vulva (Figure 5B-C) 
contains a pair of spermathecae with conspicious postion ridge. 


Distribution. Known only from type locality in Guangxi, China 
(Figure 22). 


Natural History. The male was found in the aphotic zone, far 
from the entrance of the long, humid cave, hanging on its web. 
The females were found both closer to and far from the 
entrance of the long, humid cave. 


Stedocys matuoensis Wu & Li sp. nov. 
Figures 7, 18D 


Type material. Holotype: 92, Matuo Cave (N24°44.511', 
E105*22.473', 724 m a.s.l.), Lengshui Village, Xinzhou Town, 
Longlin County, Baise City, Guangxi, China, 30.09.2015, J. Wu 
and Z. Chen. Paratypes: 162, same data as holotype; 69, 
same locality, 02.01.2011, Z. Chen and Z. Zha. 


Etymology. The specific name refers to the type locality; adjective. 


Diagnosis. The female can be easily distinguished from all 
known congeners of Stedocys by the curved, broad slit formed 
by the anterior and posterior sclerotized plate between the oval 
spermathecae and the arcuate postgastral sulci beside the 
spermathecae in the vulvae (Figure 7B). 


Description. Female (holotype): Total length 12.78, carapace 
5./5 long, 3.75 wide, opisthosoma 6.53 long, 5.05 wide, 
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Figure 7 Stedocys matuoensis sp. nov., holotype female 

A: External genitalia, ventral view; B: Vulva, dorsal view; C—E: Habitus (C: Dorsal view; D: Ventral view; E: Lateral view). Asp: anterior sclerotized plate, 
ef: epigastric furrow, ep: epyginal pouch, Ps: postgastral sulci, Psp: posterior sclerotized plate, sp: spermathecae. Scale bars: 0.50 mm (A-B), 4.00 mm 
(C—E). 
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chelicerae 1.65, labium 1.15 long, 0.65 wide, sternum 2.15 long, 
1.75 wide. Leg l: 32.93 (10.25, 1.27, 10.05, 10.11, 1.25), leg II: 
28.71 (8.57, 1.26, 8.48, 8.55, 1.85), leg Ill: 21.96 (6.05, 1.05, 
6.75, 6.47, 1.64), leg IV: 26.85 (8.25, 1.05, 8.05, 7.75, 1.75), 
palp: 4.25 (1.33, 0.52, 1.05, —, 1.35). Carapace chestnut brown, 
with deep brown radiating stripes and one pair of oval marks 
(Figure 7C), highest at the center, with few hairs around eyes, 
andlacking thoracic furrow (Figure 7C). Six eyes follow the 
generic pattern. Eye diameters: PME 0.44; ALE 0.38; PLE 0.38. 
Chelicerae with a long series of 11 conspicuous, densely 
spaced stridulatory ridges ectally (Figure 18D). Habitus as in 
Figure 7C-E. Legs brown, without spines and annulated 
marks.Opisthosoma black dorsally, with three pairs of transverse 
grey bands markings. The spermathecae interdistance is 1.25 
(Figure 7B). 


Male: Unknown 


Distribution. Known only from the type locality in Guangxi, 
China (Figure 22). 


Natural History. The females were found in the low light and 
aphotic zone, both near to and far from the entrance of the long, 
humid cave, hanging on irregular webs with several immature 
spiders. There were many mature female species in the cave 
but no males were found after three hours of collecting by two 
people. 


Stedocys pulianensis Wu & Li sp. nov. 
Figures 8-9, 21A 


Type material. Holotype: 4, Pulian Cave (N24°51.656’, 
E105°65.948', 975 m asl), Tongxiang Village, Dongxiang, 
Pingtang Town, Tianyang County, Baise City, Guangxi, China, 
12.08.2011, X. Wang. 


Other material examined. 1°, immature, same data as holotype. 


Etymology. The specific name refers to the type locality; 
adjective. 


Diagnosis. The male species can be easily distinguished from 
all known congeners in Stedocys by the cylindrical tarsus, 
subequal to or longer than the basal portion of the bulb, and by 
the dense hair around the tarsus and tibia (Figure 8A-B). 


Description. Male (holotype): Total length 10.26, carapace 
5.15 long, 4.22 wide, opisthosoma 5.11 long, 3.95 wide, 
chelicerae 1.32, labium 1.25 long, 0.83 wide, sternum 2.25 long, 
1.82 wide. Leg l: 53.07 (16.25, 1.65, 16.05, 16.49, 2.63), leg II: 
46.35 (14.15, 1.65, 13.45, 14.75, 2.35), leg Ill: 29.92 (9.02, 1.55, 
8.75, 8.75, 1.85), leg IV: 41.14 (12.25, 1.55, 12.54, 12.35, 2.45), 
palp: 7.83 (3.11, 1.02, 3.05, —, 0.65). Carapace chestnut brown, 
with yellowish-brown vertical stripes and reddish bands 
marginally, highest at center, with a few hairs posteriorly, and no 
thoracic furrow (Figure 9A). Six eyes follow the generic pattern. 
Eye diameters: PME 0.35; ALE 0.32; PLE 0.32. Chelicerae with 


a series of spaced inconspicuous stridulatory ridges ectally 
(Figure 21A), fangs, endites, labium, sternum, and spinnerets 
follow the generic pattern. Habitus as in Figure 9A-C. Legs 
brown, without rings or spines. Opisthosoma brown dorsally, 
with two whitish-brown transverse bands. Colulus triangular. 
Palps as in Figure 8A-F; palp with a long embolus, apically 
aciculate. 


Distribution. Known only from type locality in Guangxi, China 
(Figure 22). 


Natural History. The male was found in the aphotic zone. Far 
from the entrance of the humid cave, hanging on its web. 


Stedocys shilinensis Wu & Li sp. nov. 
Figures 10—11, 19A-B 


Type material. Holotype: 4, Shilin Cave (N18?35.861', 
E109°25.611', 616 m a.s.l.), Xian An Stone Forest, Maogan 
Town, Baoting County, Hainan, China, 25.06.2014, X. Wang 
and F. Li. 


Paratypes: 4°, same data as holotype. 


Etymology. The specific name refers to the type locality; 
adjective. 


Diagnosis. The male can be easily distinguished from all 
known congeners by having an apophysis on the bulb of male 
palp (Figure 10A-B) and the female genitalia contains a simple 
median unpaired sclerotized plate (Figure 11B). 


Description. Male (holotype): Total length 8.67, carapace 4.35 
long, 3.51 wide, opisthosoma 4.32 long, 3.25 wide, chelicerae 
1.14, labium 1.25 long, 0.96 wide, sternum 2.48 long, 1.75 wide. 
Legs I and IV missing, leg Il: 39.67 (11.46, 1.35, 12.35, 11.98, 
2.53), leg Ill: 25.21 (7.27, 1.39, 7.05, 7.75, 1.75). Palp: 6.37 
(2.47, 0.87, 1.98, —, 1.05). Carapace orange with bilaterally 
brown radiated stripes pattern and two longitudinal bands, 
highest at center, covered with scarce hairs, no thoracic furrow 
(Figure 11C). Eye diameters: PME 0.29; ALE 0.31; PLE 0.32. 
Chelicerae without obvious spaced stridulatory ridges (Figure 
19B), fangs, endites, labium, sternum, and spinnerets follow the 
generic pattern. Habitus as in Figure 11C. Legs yellowish-brown, 
long and stout, with brown annulations, claws follow generic 
pattern. Opisthosoma whitish-brown dorsally, with fragmented, 
irregular black stripes; colulus triangular. Palps as in Figure 
10A-F; palp with an apophysis on the bulb, embolus apically 
aciculate, the basal portion of the bulb almost subequal in 
length to tarsus, the apex of tarsus with a dense cluster of hairs, 
visible in prolateral view (Figure 10B). 


Female: Total length 9.87, carapace 4.15 long, 3.25 wide, 
opisthosoma 5.72 long, 3.75 wide, chelicerae 1.15, labium 1.13 
long, 0.75 wide, sternum 2.48 long, 1.88 wide. Leg l: 40.11 
(11.53, 1.53, 12.25, 12.15, 2.65), leg Il: 31.37 (9.25, 1.45, 9.75, 
8.77, 2.15), leg Ill: 22.87 (6.95, 1.37, 6.25, 6.55, 1.75), leg IV: 
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Figure 8 Stedocys pulianensis sp. nov., holotype male 
A-B: Left palp (A: Prolateral view; B: Retrolateral view); C—F: Bulb (C: Prolateral view; D: Retrolateral view; E: Dorsal view; F: Ventral view). e: embolus, 


s: subtegulum, t: tegulum, st: subtegulum+tegulum, Ta: tarsus, T: tibia. Scale bars: 0.50 mm (A-B), 0.25 mm (C-F). 
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Figure 9 Stedocys pulianensis sp. nov., holotype male, habitus 


A: Dorsal view; B: Ventral view; C: Lateral view. Scale bars: 2.00 mm (A-C). 


32.14 (9.05, 1.35, 9.84, 9.75, 2.15), palp: 4.68 (1.38, 0.64, 1.13, 
—, 1.53). Carapace highest at the center, with a few hairs, color 
as in male, slightly lighter, lacking thoracic furrow (Figure 11D). 
Six eyes follow the generic pattern. Eye diameters: PME 0.26; 
ALE 0.29; PLE 0.30; chelicerae with 7 conspicuous spaced 
stridulatory ridges ectally (Figure 19A). Other characters similar 


to those of male, and palps and claws follow the generic pattern. 


Habitus as in Figure 11D—E. The spermathecae interdistance is 
1.13 (Figure 11B). 


Distribution. Known only from type locality in Hainan, China 
(Figure 22). 


Natural History. The species was found in the aphotic zone, far 
from the entrance of the long, humid cave, hanging on its web. 


Stedocys xianrenensis Wu & Li sp. nov. 
Figures 12-13, 19C-D 


Type material. Holotype: 4, Xianren Cave (N22^?57.535', 
E107*36.948', 241 m a.s.l.), Mount Longhu Nature Reserve, 
Longan County, Nanning City, Guangxi, China, 18.10.2010, X. 
Wang and L. Lin. Paratypes: 49, same data as holotype; 109, 
same locality, 20.09.2015, J. Wu and Z. Chen. 


Etymology. The specific name refers to the type locality; 
adjective. 


Diagnosis. The male can be easily distinguished from all 


known congeners by the relatively short tarsus that has a small 
extension, by the tarsus being subequal or smaller than the oval 
basal portion of the bulb, and by the triangular tarsus in 
retrolateral view (Figure12A-B). The female can be easily 
distinguished from other species by the very large pair of round 
spermathecae (Figure 13B). 


Description. Male (holotype): Total length 17.75, carapace 
8./5 long, 6.50 wide, opisthosoma 8.75 long, 9.50 wide, 
chelicerae 1.85, labium 1.65 long, 1.25 wide, sternum 4.15 long, 
3.10 wide. Leg l: 89.91 (25.15, 2.65, 26.16, 32.80, 3.15), leg II: 
82.55 (23.25, 2.65, 24.15, 29.75, 2.75), leg Ill: 51.98 (15.30, 
2.50, 14.95, 16.98, 2.25), leg IV: 69.21 (20.17, 2.59, 21.15, 
22.65, 2.65), palp: 9.09 (3.49, 1.35, 3.10, —, 1.15). Carapace 
pale yellow, with brown radiating stripes and reddish bands 
marginally, highest at the center, covered by slender hairs 
posteriorly, and with a shallow thoracic furrow (Figure 13C). 
Eye diameters: PME 0.33; ALE 0.37; PLE 0.35. Chelicerae 
without obvious stridulatory ridges (Figure 19D), and fangs, 
endites, labium, sternum, and spinnerets follow the generic 
pattern. Habitus as in Figure 13C. Legs yellowish-brown, long 
and slender, without rings and spines. Opisthosoma damaged. 
colulus triangular, conspicuous. Palps as in Figure 12A-F; 
palp with a long embolus, apically aciculate, slightly 
subdistally curved; the apex of the tarsus with dense cluster of 
hairs. 


Female: Total length 17.88, prosoma 8.17 long, 6.15 wide, 
carapace 9.26 long, 6.15 wide, chelicerae 1.65, labium 1.75 long, 
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Figure 10 Stedocy shilinensis sp. nov., holotype male 
A-B: Left palp (A: Prolateral view; B: Retrolateral view); C—F: Bulb (C: Prolateral view; D: Retrolateral view; E: Dorsal view; F: Ventral view). ba: bulbar 
apophysis, e: embolus, s: subtegulum, t: tegulum, st: subtegulum+tegulum, Ta: tarsus, T: tibia. Scale bars: 0.50 mm (A-B), 0.25 mm (C-F). 


228 www.zoores.ac.cn 





Figure 11 Stedocy shilinensis sp. nov., holotype male (C) and paratype female (A-B, D—E) 
A: External genitalia, ventral view; B: Vulva, dorsal view; C—E: Habitus (C—D: Dorsal view; E: Ventral view). ef: epigastric furrow, ep: epyginal pouch, Pf: 
postepigastric foveae, sp: spermathecae, Ups: unpair sclerotized plate. Scale bars: 0.25 mm (A-B), 2.00 mm (C—E). 
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Figure 12 Stedocys xianrenensis sp. nov., holotype male 
A-B: Left palp (A: Prolateral view; B: Retrolateral view); C—F: Bulb (C: Prolateral view; D: Retrolateral view; E: Dorsal view; F: Ventral view). e: embolus, 
s: subtegulum, t: tegulum, st: subtegulum+tegulum, Ta: tarsus, T: tibia. Scale bars: 0.50 mm (A-F). 
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Figure 13 Stedocys xianrenensis sp. nov., holotype male (C) and paratype female (A-B, D—E) 
A: External genitalia, ventral view; B: Vulva, dorsal view; C—E: Habitus (CD: Dorsal view; E: Ventral view). Asp: anterior sclerotized plate, ef: epigastric 
furrow, ep: epyginal pouch, Pf: postepigastric foveae, Ps: postgastral sulci, Psp: posterior sclerotized plate, sp: spermathecae. Scale bars: 0.50 mm (A), 


0.25 mm (B), 4.00 mm (C-E). 
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1.15 wide, sternum 3.65 long, 2.47 wide. Leg l: 64.87 (19.55, 
2.15, 18.75, 21.78, 2.64), leg Il: 56.62 (16.56, 2.15, 16.48, 
18.88, 2.55), leg III: 39.67 (11.47, 2.15, 11.15, 12.65, 2.25), leg 
IV: 53.49 (16.15, 2.15, 15.47, 17.15, 2.57), palp: 6.79 (2.15, 
0.85, 1.45, —, 2.34). Prosoma with deep brown radiating stripes 
and reddish bands marginally, highest at the center, with 
slender hairs, and a conspicuous thoracic furrow (Figure 13D). 
Chelicerae with 5 conspicuous stridulatory ridges ectally (Figure 
19C). Carapace whitish dorsally, the first half with a pair of 
brown spots and five chevron-like markings at the base (Figure 
13D). Eye diameters: PME 0.30; ALE 0.32; PLE 0.35. Other 
characters similar to those of male except for the color which is 
more yellow in female. Habitus as in Figure 13D—E. Legs 
without rings and spines, and claws and spinnerets follow the 
generic pattern; colulus oval, conspicuous. Vulva (Figure 13B) 
contains a structure resembling the medusa stage of a jellyfish, 
made by posterior sclerotized plate. 


Distribution. Known only from type locality in Guangxi, China 
(Figure 22). 


Natural History. The species was found in the aphotic zone, far 
from the entrance of the long, humid cave, hanging on its web. 


Stedocys xiangzhouensis Wu & Li sp. nov. 
Figures 14—15, 20A-B 


Type material. Holotype: ĉĉ, unnamed cave (N23°57.278', 
E109*39.696', 114 m a.s.l.), hill behind factory of man-made 
board, Xiangzhou County, Laibin City Guangxi, China, 
10.10.2010, X. Wang and L. Lin. Paratypes: 12°, same data 
as holotype. 


Etymology. The specific name refers to the type locality; adjective. 


Diagnosis. The male can be easily distinguished from all 
known congeners by having the palpal tarsus a little longer than 
the basal portion of the bulb, by the long, stout and straight 
embolus that is 1.5 times as long as the basal portion of the 
bulb (Figure 14A-B). The female resembles S. ludiyanensis Wu 
& Li sp. nov. (Figures 4-6) in having a pair spermathecae 
beside the uterus externus, by the shape, enclosed by the 
curved anterior plate and posterior plate, by the postepigastric 
fovea with postgastral sulci, and by the unpaired posterior 
sclerotization beneath the posterior  sclerotized plate. 
Additionally, it can be easily distinguished by the large oval 
spermathecae beside the uterus externus and the trapezoidal 
unpaired posterior sclerotized plate (Figure 15B). 


Description. Male (holotype): Total length 7.80, carapace 3.75 
long, 3.15 wide, opisthosoma 4.05 long, 3.35 wide, chelicerae 


1.26, labium 1.05 long, 0.65 wide, sternum 1.75 long, 1.65 wide. 


Leg l: 53.95 (19.75, 1.15, 19.95, 11.35, 1.75), leg Il: 30.08 (8.95, 
1.18, 8.65, 9.65, 1.65), leg Ill: 18.62 (5.69, 1.15, 5.15, 5.58, 
1.05), leg IV: 26.45 (7.58, 1.32, 7.85, 7.95, 1.75), palp: 6.10 
(2.15, 0.77, 2.44, —, 0.74). Carapace brown, with black brown 
radiating stripes and longitudinal bands marginally, highest at 
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the center, covered by dense hairs posteriorly, and with no 
thoracic furrow (Figure 15C). Six eyes follow the generic pattern. 
Eye diameters: PME 0.26; ALE 0.26; PLE 0.26. Chelicerae 
without conspicuous obvious spaced stridulatory ridges (Figure 
20B). Fangs, endites, labium, sternum, and spinnerets follow 
the generic pattern. Habitus as in Figure 15C. Legs yellowish, 
relatively long and slender, with spines on leg | and leg Il, and 
claws follow the generic pattern. Opisthosoma slightly yellowish 
dorsally, without regular markings. Colulus trapeziform. Palps 
as in Figure 14A—F; palp with a long embolus, apically aciculate; 
tarsus smaller than or subequal to the basal portion of the bulb; 
apex of tarsus covered with dense cluster of hairs. 


Female: Total length 9.41, prosoma 5.16 long, 4.05 wide, 
opisthosoma 4.25 long, 3.48 wide, chelicerae 1.24, labium 1.05 
long, 0.68 wide, sternum 2.10 long, 1.85 wide. Leg l: 27.63 
(7.86, 1.19, 8.25, 8.75, 1.58), leg Il: — (7.15, 1.24, 7.25, 6.49, —), 
leg Ill: 18.17 (5.28, 1.15, 4.95, 5.44, 1.35), leg IV: 23.68 (6.95, 
1.25, 7.14, 6.85, 1.49), palp: 4.11 (1.15, 0.66, 1.05, —, 1.25). 
Prosoma chestnut brown, fovea absent, with dark brown 
radiating stripes and reddish bands marginally, highest at the 
center, and with shallow thoracic furrow (Figure 15D). Eye 
diameters: PME 0.26; ALE 0.26; PLE 0.26. Chelicerae with 3 
conspicuous well-spaced stridulatory ridges mesally, 4 short 
inconspicuous ones distally (Figure 20A). Other characters 
similar to male except for the color, which is browner on 
opisthosoma and legs of the female. Habitus as in Figure 15D— 
E. Legs yellowish-brown, long and slender, without rings and 
spines. Palps, claws and spinnerets follow the generic pattern; 
colulus oval, conspicuous. The spermathecae interdistance is 
1.43 (Figure 15B). 


Distribution. Known only from type locality in Guangxi, China 
(Figure 22). 


Natural History. The species was found in the aphotic zone, far 
from the entrance of the long, humid cave, hanging on its web. 


Stedocys zhaoi Wu & Li sp. nov. 
Figures 16-17, 20C-D 


Type material. Holotype: <, unnamed cave (N14?12.189', 
E99°01.701', 185 m a.s.l.), Wang Krachae Subdistrict, Sai Yok 
District, Kanchanaburi, Thailand, 01.10.2014, H. Zhao, Y. Li and 
Z. Chen. Paratypes: 59, same data as holotype. 


Etymology. The specific name is a patronym in honor of the 
collector Huifeng Zhao; noun (name) in genitive case. 


Diagnosis. The species can be easily distinguished from all 
known congeners by the coiled embolus distally (Figure 16A-F), 
the conspicuous arcuate sclerotized structure of the female 
external genitalia (Figure 17A), and by the two pairs of round 
spermathecae on long, curved stalks (Figure 17B). 


Description. Male (holotype): Total length 9.89, carapace 4.95 
long, 4.13 wide, opisthosoma 4.94 long, 3.48 wide, chelicerae 





Figure 14 Stedocys xiangzhouensis sp. nov., holotype male 
A-B: Left palp (A: Prolateral view; B: Retrolateral view); C—F: Bulb (C: Prolateral view; D: Retrolateral view; E: Dorsal view; F: Ventral view). e: embolus, 
s: subtegulum, sc: spermatic canal, t: tegulum, st: subtegulum+tegulum, Ta: tarsus, T: tibia. Scale bars: 0.50 mm (A-B), 0.25 mm (C-F). 
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Figure 15 Stedocys xiangzhouensis sp. nov., holotype male (C) and paratype female (A-B, D—E) 
A: External genitalia, ventral view; B: Vulva, dorsal view; C—E: Habitus (CD: Dorsal view; E: Ventral view). Asp: anterior sclerotized plate, ef: epigastric 


furrow, ep: epyginal pouch, Pf: postepigastric foveae, Ps: postgastral sulci, Psp: posterior sclerotized plate, sp: spermathecae, Ups: unpair sclerotized 
plate. Scale bars: 0.25 mm (A-B), 3.00 mm (C-E). 
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Figure 16 Stedocys zhaoi sp. nov., holotype male 
A-B: Left palp (A: Prolateral view; B: Retrolateral view); C—F: Bulb (C: Prolateral view; D: Retrolateral view; E: Dorsal view; F: Ventral view). b: bulb, e: 


embolus, s: subtegulum, t: tegulum, st: subtegulum+tegulum, Ta: tarsus, T: tibia. Scale bars: 0.25 mm (A-F). 
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Figure 17 Stedocys zhaoi sp. nov., holotype male (C) and paratype female (A-B, D—E) 
A: External genitalia, ventral view; B: Vulva, dorsal view; C—E: Habitus (CD: Dorsal view; E: Ventral view). Ef: epigastrium fovea, ef: epigastric furrow, 
ep: epyginal pouch, IS: innermost spermathecae, OS: outermost spermathecae. Scale bars: 0.25 mm (A-B), 3.00 mm (C-E). 
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Figure 18 Chelicerae, ectal view 
A-B: Stedocys gaolingensis sp. nov., left chelicerae (A: Female; B: Male); C: Stedocys huangniuensis sp. nov., left chelicerae; D: Stedocys matuoensis 
sp. nov., left chelicerae. Sr: spaced stridulatory ridges. Scale bars: 0.50 mm (A-D). 
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Figure 19 Chelicerae, ectal view 
A-B: Stedocy shilinensis sp. nov., left chelicerae (A: Female; B: Male); C-D: Stedocys xianrenensis sp. nov., left chelicerae (C: Female; D: Male). Sr: 


spaced stridulatory ridges. Scale bars: 0.50 mm (A-D). 
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Figure 20 Chelicerae, ectal view 
A-B: Stedocy xiangzhouensis sp. nov., left chelicerae (A: Female; B: Male); C-D: Stedocys zhaoi sp. nov., left chelicerae (C: Female; D: Male). Sr: 
spaced stridulatory ridges. Scale bars: 0.50 mm (A-D). 
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Figure 21 Chelicerae, ectal view 
A: Stedocys pulianensis sp. nov., male left chelicerae; B-C: Stedocys ludiyanensis sp. nov., left chelicerae (B: Female; C: Male). Sr: spaced stridulatory 
ridges. Scale bars: 0.50 mm (A-C). 
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Figure 22 Distribution records of new Stedocys species from China and Thailand 
(D: Stedocys gaolingensis sp. nov.; (2): S.huangniuensis sp. nov. (3): S. ludiyanensis sp. nov. ©: S. matuoensis sp. nov.; ©: S. pulian sp. nov ©: S. 
shilinensis sp. nov.; (2: S. xianrenensis sp. nov.; (8): S. xiangzhouensis sp. nov.; (9): S. zhaoi sp. nov. 


1.23, labium 1.53 long, 0.58 wide, sternum 2.48 long, 1.74 wide. 
Leg l: 36.09 (10.75, 1.75, 11.27, 10.79, 1.53), leg Il: 33.25 
(10.17, 1.85, 10.39, 9.48, 1.36), leg III: 21.79 (6.85, 1.25, 6.25, 
6.35, 1.09), leg IV: — (9.47, 1.35, —, —, —), palp: 4.05 (1.63, 0.55, 
1.24, —, 0.63). Carapace chestnut brown with orange radiating 
stripes, highest at the center, covered by slender hairs 
posteriorly, with a shallow, orange thoracic furrow (Figure 17C). 
Six eyes follow the generic pattern. Eye diameters: PME 0.28; 
ALE 0.29; PLE 0.31. Chelicerae with 6  well-spaced 
stridulatory ridges mesally, and 3 shorter inconspicuous 
ones distally (Figure 20D) Fangs, endites, labium sternum, 
colulus and spinnerets follow the generic pattern. Habitus as 
in Figure 17C. Legs yellowish, without annulations or spines, 
three pretarsal claws. Opisthosoma slightly whitish-yellow 
dorsally, the first half with two irregular pairs of brown marks 
extending laterally and four pairs of chevron-like marks on 
posterior half. Palps as in Figure 16A-F; palp with tarsus 
smaller than the tegulum; the apex of the tarsus covered 
with a dense cluster of hairs (Figure 16A). 


Female: Total length 11.12, carapace 4.86 long, 3.98 wide, 
opisthosoma 6.25 long, 5.75 wide, chelicerae 1.43, labium 1.15 
long, 0.55 wide, sternum 2.05 long, 1.15 wide. Leg |: 35.02 
(10.55, 1.45, 11.05, 10.49, 1.48), leg Il: 31.79 (9.53, 1.35, 9.95, 


9.47, 1.49), leg Ill: — (6.77, 1.25, —, —, —), leg IV: 23.55 (8.75, 
1.25, 6.25, 6.25, 1.05), palp: 4.27 (1.24, 0.57, 0.98, —, 1.48). 
Carapace similar to male (Figure 17D). Six eyes follow the 
generic pattern. Eye diameters: PME 0.28; ALE 0.29; PLE 0.29. 
Chelicerae with 5 well-spaced stridulatory ridges mesally, and 3 
short inconspicuous ones distaly (Figure 20C). Other 
characters are similar to male except for the markings and color 
whihc is lighter in the opisthosoma. Habitus as in Figure 17D—E. 
Legs yellowish-brown. Palps and spinnerets follow the generic 
pattern; colulus oval. Vulva (Figure 17B) with two pairs of 
spermathecae, with the innermost spermathecae 1.5 times as 
large as the outermost. 


Distribution. Known only from type locality in Kanchanaburi, 
Thailand (Figure 22). 


Natural History. The species was found in the aphotic zone of 
the cave. 
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ABSTRACT 


We describe a new species, Fejervarya muangkanensis 
sp. nov., based on a series of specimens collected 
from Ban Tha Khanun, Thong Pha Phum District, 
Kanchanaburi Province, Thailand. The new species 
is easily distinguished from its congeners by 
morphological and molecular data, and can be 
diagnosed by the following characters: (1) small size 
(adult male snout-vent length (SVL) 33.5 mm; 
female SVL 40.0—40.9 mm); (2) tympanum small, 
discernible but unclear; (3) poorly developed toe 
webbing; (4) no lateral line system in adults; (5) 
characteristic “Fejervaryan” lines present in females; 
and (6) femoral glands absent. Molecular phylogenetic 
analysis of mitochondrial 16S rRNA further supports 
it as a distinct lineage and distinguishes it from its 
congeners for which sequences are available. 


Keywords: Fejervarya muangkanensis sp. nov.; 
Kanchanaburi; Thailand 


INTRODUCTION 


The genus Fejervarya (Bolkay, 1915) (family Dicroglossidae 
Anderson, 1871) currently contains 41 species (Frost, 2017) 
and two reciprocally monophyletic species groups (Dinesh et al., 
2015) comprising the: (1) South Asian group and (2) East and 
Southeast Asian group. Thailand has eight species (Frost, 
2017), including Fejervarya chiangmaiensis (Suwannapoom et 
al., 2016), Fejervarya andamanensis (Stoliczka, 1870), Fejervarya 
cancrivora (Gravenhorst, 1829), Fejervarya limnocharis 
(Gravenhorst, 1829), Fejervarya moodiei (Taylor, 1920), 
Fejervarya multistriata (Hallowell, 1861), Fejervarya orissaensis 
(Dutta, 1997), and Fejervarya triora (Stuart et al., 2006). Except 
for F. andamanensis, which belongs to the South Asian group, 
all other Thai species are assigned to the East and Southeast 
Asian group (Dinesh et al., 2015; Suwannapoom et al., 2016). 


Science Press 


Recent morphological and genetic comparisons have 
revealed several new species of Thai anurans, including one 
new species of Fejervarya from northern Thailand (Suwannapoom 
et al., 2016). During herpetological surveys in 2013 in the 
Kanchanaburi Province of Thailand, we found a morphologically 
distinct population of Fejervarya. We compared the morphology 
of this species with its congeners as well as levels of genetic 
divergence with species having comparable data in GenBank. 
These analyses supported the recognition of a new species. 


MATERIALS AND METHODS 


Sampling 

Five individuals (KIZ 024627, KIZ 024675-78) were captured 
during fieldwork in the village of Tha Khanun, Thong Pha Phum 
District, Kanchanaburi Province, Thailand (Figure 1), from June 
to September 2013. After euthanization using a chlorobutanol 
solution, muscle and liver tissues were taken from the frogs and 
preserved in 9596 ethanol for genetic analysis. Specimens were 
later fixed in 10% buffered formalin and then transferred to 70% 
ethanol. All specimens were deposited at the Kunming Institute 
of Zoology (KIZ), Chinese Academy of Sciences (CAS). 


Molecular analysis 

Total genomic DNA was extracted from a tissue sample of 
specimen KIZ 024627 using the standard phenol-chloroform 
protocol (Sambrook et al., 1989). A fragment of 16S rRNA was 
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Figure 1 Distribution of Fejervarya muangkanensis sp. nov. in western Thailand: Ban Tha Khanun, Thong Pha Phum, Kanchanaburi 


Province (star: type locality) 


amplified for one individual using the primers 16Sar (5- 
CGCCTGTTTAYCAAAAACAT-3) and 16Sbr (5-CCGGTYTG 
AACTCAGATCAYGT-3) from Kocher et al. (1989). Amplification 
involved an initial cycle of denaturation at 95 “C for 5 min, and 
35 subsequent cycles of 95 °C for 1 min; the annealing 
temperature was 55 °C for 1 min and 72 °C for 1 min, followed 
by a final extension step of 72 °C for 7 min. The resulting PCR 
products were directly cycle-sequenced with the same primers 
as those used for PCR. Sequence analysis was performed on 
an ABI PRISM? 3730xl DNA Analyzer (Applied Biosystems, UK) 
at KIZ, CAS. 


Phylogenetic analysis 

New sequences were examined for signal quality and confirmed 
for completeness using DNASTAR 5.0. Nineteen sequences 
were downloaded from GenBank for analysis (Table 1). 
Occidozyga lima was chosen as an outgroup taxon (Pyron & 
Wiens, 2011). After trimming the ends, sequences were aligned 
with gaps using MUSCLE (Edgar, 2004) with default settings. 
Genetic distances among the taxa were calculated using the p- 
distance model in MEGA 6.0 (Tamura et al, 2013). 
Phylogenetic reconstructions were executed using Bayesian 
inference (BI) and maximum likelihood (ML). The best-fit model 
of DNA sequence evolution was chosen using MrModeltest v2.3 
(Nylander, 2004) under the Akaike information criterion. The 
GTR+I+G model was selected as the best model. A Bayesian 
tree was generated using MrBayes 3.1.2 (Ronquist & 
Huelsenbeck, 2003). For Bl analyses, two independent 
searches with random starting trees were run for 5 million 
generations while sampling over 1 000 generations and 
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compared using four Markov Chain Monte Carlo (MCMC) 
chains (temp=0.2). Convergence was assessed by plotting the 
log-likelihood scores in Tracer v.1.5 (Rambaut et al., 2013), and 
data from the first 25% were discarded as burn-in before 
building a consensus tree. Maximum likelihood analyses were 
performed using RAxML 7.0.4 (Stamatakis et al., 2008). The 
same model of nucleotide substitution as for the Bl analyses 
was used for ML tree-searching and nodal stability was 
estimated with 1 000 bootstrap pseudoreplicates. 


Morphological analysis 

Measurements from four adult males and one female were 
made with digital calipers to the nearest 0.1 mm. Eighteen 
morphometric characters of post-metamorphic individuals were 
recorded in accordance with Matsui (1984) and included: SVL: 
snout-vent length; HL: head length; S-NL: snout-nostril length; 
N-EL: nostril-eye length; SL: snout length; EHD: eye horizontal 
diameter; T-ED: tympanum-eye distance; HW: head width; IND: 
internarial distance; IOD: interorbital distance; UEW: upper 
eyelid width; FLL: forelimb length; LAL: lower arm length; FFL: 
first finger length; HLL: hindlimb length; TL: tibia length; FL: foot 
length; and IMTL: inner metatarsal tubercle length. Additionally, 
we also measured finger lengths (I-IV FL) and toe lengths (I-V 
TOEL). The toe-webbing formula followed Savage (1975). 


RESULTS 
Phylogenetic analyses 


The unique de novo sequence was deposited in GenBank under 
accession No. MF166918 (Table 1). A total of 721 base 


Table 1 Specimens corresponding to genetic samples included in the phylogenetic analyses 


Species Specimen voucher No. 
Fejervarya cancrivora — 

Fejervarya caperata — 

Fejervarya cf. brevipalmata 030607-01 
Fejervarya cf. nilagirica — 
Fejervarya cf. syhadrensis — 
Fejervarya chiangmaiensis KIZ 024057 
Fejervarya granosa — 
Fejervarya greenii — 
WII:3263 


MNHN 2000.620 


Fejervarya keralensis 
Fejervarya kirtisinghei 
Fejervarya kudremukhensis — 
Fejervarya limnocharis — 
Fejervarya mudduraja — 


Fejervarya pierrei — 


Fejervarya rufescens 030526-03 
Fejervarya sahyadris RBRL 050714-02 
Fejervarya muangkanensis sp. nov. KIZ 024627 


Fejervarya syhadrensis — 
Fejervarya triora — 
Occidozyga lima — 


“—”: no available museum Cat. No. 


pairs (bp) of 16S rRNA data were generated, among which 549 
positions were potentially parsimony-informative. Similar 
topologies were produced by ML and BI analyses. Major clades 
| and Il were identified within Fejervarya (Figure 2), which 
corresponded to the groups of Fejervarya identified by Dinesh 
et al. (2015). Clade | contained the new species plus F. 
chiangmaiensis, F. syhadrensis, F. granosa, F. pierrei, F. 
kudremukhensis, F. cf. nilagirica, F. cf. syhadrensis, F. sahyadris, 
F. caperata, F. greenii, F. kirtisinghei, F. rufescens, F. cf. 
brevipalmata, F. mudduraja, and F. keralensis. Clade ll 
consisted of Thai and Indonesian groups, and included F. triora, 
F. limnocharis, and F. cancrivora. The new population from 
Thong Pha Phum formed a distinct lineage. However, the 
relationships among the new population and other species 
within clade | were not resolved. The p-distances for 16s rRNA 
between the new population and other congeners ranged from 
8.8% (F. caperata) to 13.8% (F. keralensis) (Table 2). These 
results revealed a substantial genetic divergence between the 
specimens from Thong Pha Phum and the other species, 
suggesting that this population represents an undescribed 
species. Furthermore, distinct morphological differences were 
also found. For example, the “Fejervaryan” lines on legs 
characteristic, present in females, occurred in the Thong Pha 
Phum population. Considering its independent evolutionary 
history, level of genetic divergence, and distinct morphological 
characters, a new species is described. 


Locality GenBank accession No. 
Indonesia: Central Java; Banyumas AB444690 
India: Mudigere AB488894 
India: Western Ghats, Madikeri AB167946 
India: Western Ghats; Kudremukh AB167950 
India: Kurnool AB488893 
Thailand: Chiang Mai; Omkoi KX834135 
India: Mudigere AB488895 
Sri Lanka: Hakgala AB488891 
India JX573181 
Sri Lanka: Laggala AY014380 
India: Kudremukh AB488898 
Indonesia: Java AB277302 
India: Madikeri AB488896 
Nepal: Chitwan AB488888 
India: Western Ghats; Mangalore AB167945 
India: Aralam AB530605 
Thailand: Kanchanaburi; Thong Pha Phum MF166918 
Sri Lanka AY 141843 
Thailand: Ubon Ratchathani AB488883 
Malaysia: Kuala Lumpur AB488903 


Species description 

Fejervarya muangkanensis sp. nov. (Figure 3—5) 

Holotype: Adult male (KIZ 024627) from Ban Tha Khanun, 
Thong Pha Phum, Kanchanaburi Province, Thailand 
(N15°11'52.73", E98'1929.71" 712 m a.s.l.), collected by 
Chatmongkon Suwannapoom at night on 7 August, 2013. 


Paratypes: Four females (KIZ 024675-78), collected by 
Chatmongkon Suwannapoom, Jing Che, Fang Yan, and Wei 
Gao at the same locality as the holotype. 


Diagnosis: The new species is assigned to Fejervarya based 
on its position in the matrilineal genealogy (Figure 2) and 
morphological characters of the genus, including slightly 
pointed snout; comparatively poorly developed foot webbing; 
lateral line system in adult absent; femoral glands absent; 
tympanum comparatively small; and tibia length slightly more 
than half of SVL. The new species differs from its congeners by 
the following combination of characters (Table 3): (1) medium 
adult size: male SVL 33.5 mm (n=1) and female SVL 40.0-40.9 mm 
(n=4); (2) head longer than wide; (3) tympanum small, 
discernible but unclear; (4) relative finger length II«IV«I«III; (5) poorly 
developed toe webbing; webbing formula: | 1-2 Il 1—2 77 IH 2—3 
IV 3-1 V; (6) orange vertebral line present medially, running 
from under eyes to vent in females (Figure 5); (7) paired 
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Table 2 Uncorrected pairwise p-distances of 16S rRNA (mtDNA) gene sequences among Fejervarya species groups in this study 


F. 
F. muangkanensis sp. nov. (B) 
F. 
F. 
F. 
F. 


Dn nn nmn nmn m 


chiangmaiensis (A) 


syhadrensis (C) 
granosa (D) 
pierrei (E) 
kudremukhensis (F) 
nilagirica (G) 
syhadrensis (H) 
sahyadris (l) 
caperata (J) 
greenii (K) 
kirtisinghei (L) 
rufescens (M) 
brevipalmata (N) 
mudduraja (O) 


keralensis (P) 


A 


0.115 
0.060 
0.057 
0.053 
0.086 
0.086 
0.086 
0.086 
0.086 
0.093 
0.094 
0.115 
0.122 
0.122 
0.120 


B 


0.095 
0.102 
0.098 
0.102 
0.102 
0.110 
0.100 
0.088 
0.105 
0.108 
0.110 
0.135 
0.135 
0.138 


Bi 


C 


0.006 
0.006 
0.088 
0.088 
0.084 
0.086 
0.083 
0.099 
0.096 
0.123 
0.125 
0.125 
0.123 


D E F 


0.004 

0.091 0.086 

0.091 0.086 0.000 
0.086 0.081 0.086 
0.089 0.084 0.083 
0.086 0.086 0.079 
0.101 0.101 0.098 
0.099 0.099 0.098 
0.130 0.125 0.113 
0.117 0.122 0.130 
0.117 0.122 0.130 
0.115 0.120 0.133 


G 


0.086 
0.083 
0.079 
0.098 
0.098 
0.113 
0.130 
0.130 
0.133 


0.60/- 


0.63/- 


0.91/- 


0.67/- 


-/- 1.00/91 


0.88/- 


0.70/- 


1.00/100 


1.00/94 


H | J K L M N O 


0.011 

0.060 0.060 

0.084 0.086 0.072 

0.081 0.086 0.072 0.042 

0.118 0.110 0.103 0.098 0.110 

0.125 0.125 0.115 0.110 0.118 0.130 

0.125 0.125 0.115 0.110 0.118 0.130 0.000 
0.121 0.121 0.105 0.110 0.118 0.135 0.051 0.051 


0.64/- F. syhadrensis (AB488892) 


0.96/69 F. granosa (AB488895) 


0.93/- F. pierrei (AB488888) 


F. Chiangmaiensis (KX834135) 
1.00/100 F. kudremukhensis (AB488898) 


F. cf. nilagirica (AB167950) 


1.00/100 F. sahyadris (AB530605) 


F. cf. syhadrensis (AB488893) 


F. caperata (AB488894) 


F. greeneii (AB488891) 


F. kirtisinghei (AB014380) 


F. muangkanensis sp. nov. (MF166918) 
F. rufescens (AB167945) 


F. mudduraja (AB488896) 


F. cf. brevipalmata (AB167946) 


F. keralensis (JX573181) 


0.95/84 


0.66/57 


0.05 


F. triora (AB488883) 


F. limnocharis (AB277302) 


F. cancrivora (AB444690) 


Occidozyga lima 


Figure 2 Bayesian inference tree derived from partial fragments of 16S rRNA genes 
The numbers above branches are Bayesian posterior probabilities and maximum likelihood bootstrap values. 
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Figure 3 Dorsolateral view of female paratype KIZ 024678 of 
Fejervarya muangkanensis sp. nov. in life (photo by 
Chatmongkon Suwannapoom) 


dark vocal sacs present in males (Figure 4); (8) tubercles on 
dorsal and lateral head and body, and body flanks; and (9) 
posterior part of dorsum with distinct, round glandular warts, 
continuing on dorsal surface of legs and arms. 


Description of holotype: Head size moderate, longer than 
wide (HW/HL=0.7), convex (Figure 4A). Snout more or less 
pointed as seen from above; snout length longer than horizontal 
diameter of eye (SL/EHD=1.3) and interorbital distance 
(SL/IOD=2.3). Interorbital space slightly convex, much narrower 
than upper eyelid width (IOD/UEW=0.6) and internarial distance 
(IOD/IND-0.7). Nostrils rounded, with a distinct flap of skin 
laterally; nostrils slightly closer to snout than to eye (S-NL= 
2.6 mm; N-EL-2.8 mm). Eyes relatively small, protuberant, 
pupil horizontal. 

Forearm short (LAL=13.46 mm), rather strong, 64.896 of 
forelimb length (FLL=20.8 mm). Fingers short, thin; dermal 
fringe absent; webbing absent; finger tips bluntly rounded and 
not enlarged to disks (Figure 4C). Relative finger lengths: 
I<IV<I<Ill. 





Figure 4 Preserved holotype of Fejervarya muangkanensis sp. 
nov. (KIZ 024627) (photos by Chatmongkon Suwannapoom) 

A: Dorsal view; B: Ventral view; C: Ventral view of right hand; D: Ventral 
view of foot. 


Hindlimbs relatively long (HLL=55.0 mm), about 1.6 times 
SVL (33.5 mm). Tibia (TL=16.0 mm) slightly shorter than 
femur and subequal to foot length (FL=17.7 mm). Toes long 
and thin, toe tips blunt, slightly rounded, not enlarged to disks 
(Figure 4D). Relative toe lengths: I«II«V«III«IV. Subarticular 
tubercles prominent, elongated, and oval-shaped. Inner 
metatarsal tubercle prominent, long, and slightly compressed 
laterally (IMTL=1.8 mm). Foot web feeble; webbing formula: 
| 1—2 Il 1—2 % Ill 2-3 IV 3-1 V (Figure 4C, D). 

Snout smooth, with rare indistinct dermal tubercles; nares 
with low dermal flaps; small tubercles on upper eyelid. Dorsal 
and lateral surfaces of head and body, including body flanks, 





Figure 5 Paratype series of Fejervarya muangkanensis sp. nov. (four females) (photo by Chatmongkon Suwannapoom) 
Note variation in the dorsal color pattern and occipital band. 
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3.4 3.6 6.9 5.0 3.0 Tele cf 
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KIZ 024678 Female Holotype 40.0 


shagreened; posterior part of dorsum with distinct, round 
glandular warts, continuing on dorsal surfaces of legs and arms; 
small tubercles on the anterodorsal part of thigh, cloacal region, 
dorsal surface of tibia, and tarsus; lateral sides of body, ventral 
surfaces of body, and limbs smooth. Dorsal skin showing small, 
rare, and longitudinal dermal ridges arranged in series. 


Coloration of holotype in life: Male dorsal ground color varies 
from brown to dark green, and transverse black bands are 
present on the dorsal surface of the thigh, tibia, and tarsus region 
(Figure 3). In females, the mid-dorsal stripe is orange, and bands 
run from the anterior side between the eyes to the vent and from 
the posterior side of the thigh to the tarsus; forearm has prominent 
orange spots, nearly touching the subtympanic orange streak. 


Coloration of holotype in preservative: Dorsum grayish 
brown with many large black spots (Figure 4). Thin, cream- 
colored mid-dorsal stripe runs from between the eyes to the 
vent and from the posterior side of the thigh to the tarsus 
(females). Lateral side with many small black dots; ventral side 
immaculate, except for white with black bands across the throat. 
Transverse black bands on upper surface of the thigh, tibia, and 
tarsus to outer edge of the foot. 


Etymology: The specific epithet muangkanensis is derived 
from the common name of the Kanchanaburi province, Thailand. 


Suggested common names: We suggest the following 
common names: Kanchanaburi Rain-Pool Frog (English). 


Ecology: The species is found in small swamps in secondary 
forests at elevations between 700—900 m a.s.l. Advertisement 
calls of the males can be heard in small ponds from July to 
September in Thong Pha Phum, Kanchanaburi Province. 
Calling males are usually observed within or beside the swamp 
(Figure 6). 


Distribution: This species is currently known only from Thong 
Pha Phum, Kanchanaburi Province, western Thailand (Figure 1). 


Comparisons: FE  muangkanensis sp. nov. can be 
distinguished from F. sahyadris (Western Ghats, India; Ohler et 
al., 2009) and F. chilapata (West Bengal, India; Ohler et al., 
2009) by differences in body size (male F. muangkanensis, n=1, 
SVL=33.5 mm; male F. sahyadris, n=10, mean SVL=18.4 mm; 
and male E chilapata, n=8, mean SVL=20.0 mm). 

F. muangkanensis sp. nov. can be differentiated from large 
and medium-sized members of Fejervarya (species in the Asian 
group) by external morphology, coloration, and molecular 
characteristics. The body size of F. muangkanensis sp. nov. 
males (SVL=33.5 mm) is larger than that of F. chiangmaiensis 
(SVL=26.3-29.11 mm; Suwannapoom et al, 2016) and E 
granosa males (SVL=29.1 mm; Kuramoto et al., 2007). 

The new species can be distinguished from F. pierrei by 
relative finger lengths, with the second finger being shorter than 
the fourth finger (II«IV«I«III vs. IIzIV«I«IIl; Howlader, 2011). 





Figure 6 Habitat at the type locality of Fejervarya muangkanensis 
sp. nov, Thong Pha Phum, Kanchanaburi Province, Thailand 
(photos by Chatmongkon Suwannapoom) 


E muangkanensis sp. nov. can be differentiated from F. 
syhadrensis by its head width being less than head length 
(HW/HL=0.7; Kuramoto et al., 2007) and by relative finger 
lengths (II«IV«I«IlI vs. Elle: Howlader, 2011). 

Although comparative data are limited, the SVL of F. 
muangkanensis sp. nov. overlaps with the SVL of male F. 
sengupti (23.0-37.8 mm, Meghalaya, India; Purkayastha & 
Matsui, 2012). However, the new species clearly differs from it 
in relative finger lengths II«IV«I«III and shagreened dorsum, vs. 
II<I<IV<III and warty dorsum. 

The following species have greater male SVL values than 
that of E muangkanensis sp. nov.: F. mysorensis from India 
(37.0 mm; Dutta, 1997, as Limnonectes), F. teraiensis from 
Nepal (40.1—50.5 mm; Matsui et al., 2007), and F. murthii (35.0 
mm; Dutta, 1997, as Limnonectes) and F. nilagirica (34.7-42.2 
mm), two species endemic to India. 

F. nilagirica, F. caperata, and F. mudduraja from the Western 
Ghats differ from the new species based on their body sizes 
and proportions and by the presence of warts and dermal 
ridges on the dorsum (Kuramoto et al., 2007). F. nilagirica is a 
large-bodied species and can be easily distinguished from the 
small-bodied F. muangkanensis sp. nov. (SVL=33.5 mm in 
males); it can be further distinguished from the new species by 
numerous warts and dermal ridges on the dorsum (vs. smooth 
to shagreened dorsum with glandular warts on the posterior 
part) and by relatively smaller eyes, EHD/SVL=0.1 (vs. 
EHD/SVL=0.1). F. caperata is smaller than the new species, 
with a mean SVL of 29 mm in males and 33 mm in females (vs. 
SVL 33.5 mm in males and 40.3 mm in females). It can also be 
differentiated from F. muangkanensis sp. nov. by relative finger 
lengths (IV<II<I<III vs. II<IV<I<III). E mudduraja can be 
distinguished from the new species by its larger female body 
size with a mean SVL of 45 mm (vs. 40.0-40.9 mm); no 
information on male SVL exists for F. mudduraja. The species 
also differs from F. muangkanensis sp. nov. by having a head 
width greater than head length, HW/HL=1.1 (vs. head width 
less than head length, HW/HL=0.7). 

The new species can be easily distinguished from F. 
teraiensis of Nepal and northeast India by its smaller body size 


(SVL 33.5 mm vs. 37.8-44.1 in males; Howlader, 2011), relative 
finger lengths (II«IV«I«III vs. IIzIV«I«IIl; Howlader, 2011), and 
having a head width less than head length (HW/HL=0.7 vs. 
HW/HL=1.0, i.e., head width almost equal to head length). 

The two species from Sri Lanka, F. kirtisinghei and F. greenii, 
can be easily differentiated from F. muangkanensis sp. nov. by 
their dorsums being covered with well-developed, long, 
continuous dermal ridges (vs. shagreened dorsum with rare low 
dorsal ridges, never forming continuous rows). 

Further comparisons of F. muangkanensis sp. nov. with other 
species in the region is complicated due to their unclear 
taxonomic status. The locality of F. brevipalmata, originally 
designated as Bago, Myanmar, appears to be uncertain, and 
might also include the Western Ghats of southern India; thus, the 
status of this taxon is unclear (AmphibiaWeb, 2017; Boulenger, 
1920). Furthermore, F. sauriceps and F. parambikulamana are 
endemic to Kerala and Karnataka in southern India. Both are 
known only from holotypes that appear to have been lost. 
Regardless, the numerous differences in morphology, coloration, 
and mtDNA gene sequences support the recognition of the 
specimens collected from Thong Pha Phum as a new species. 


DISCUSSION 


Although our discovery of F. muangkanensis increases the total 
number of Fejervarya species of Thailand to nine (Suwannapoom 
et al., 2016), the diversity of this group may still be underestimated. 
For example, previous molecular studies have identified several 
distinct lineages diverged from closely related, recognized 
species, including Fejervarya sp. hp3 from Pilok, Thailand, and 
F. sp. hp2 from Bangkok, Thailand (Kotaki et al., 2010). Future 
studies should examine morphological characteristics of 
specimens from these regions in detail to confirm their 
taxonomic identities. Moreover, as many areas of Thailand are 
still poorly or never surveyed for amphibian diversity, especially 
in southern Thailand, unrecognized diversity of the genus could 
still exist. Closer inspections of previously collected congeners 
from these regions are necessary to better understand 
amphibian diversity in Thailand, which could help to manage 
and conserve this unique diversity effectively. 
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ABSTRACT 


A new species of natricine snake of the Southeast 
Asian genus  Opisthotropis Gunther, 1872 is 
described from western Hunan Province of China 
based on both mitochondrial DNA and morphological 
data. The new species is morphologically most 
similar and genetically most closely related to O. 
cheni Zhao, 1999 and O. /atouchii (Boulenger, 1899), 
but possesses considerable genetic divergence (p- 
distance 5.196—16.79e) and can be differentiated 
from all other congeners by a combination of the 
following morphological characters: (1) body size 
large (total length 514—586 mm) and strongly built; 
(2) dorsal scale rows 17 throughout, feebly 
keeled anteriorly and moderately keeled 
posteriorly; (3) ventral scales 147—152, subcaudal 
scales 54—62; (4) preocular absent, loreal elongated 
and touching orbit; (5) supralabials 8-9, fifth and 
sixth entering obit; (6) anterior temporals short, 
length 1.74—2.04 times longer than width; (7) maxillary 
teeth subequal, 28-30; (8) dorsal surface of head 
with distinct irregular yellow stripes and markings 
edged with ochre; (9) body with clear black and 
yellow longitudinal streaks, partly fused to several 
lighter patches or thicker stripes anteriorly; and 
(10) venter pale yellow, with asymmetric blackish 
speckles along outer margin. We present an 
updated diagnostic key to all members of the genus 
Opisthotropis, and recommendations on the 
ecological study for the group are provided. 


Keywords: Distribution; Natricinae; Natural history; 
Taxonomy; Opisthotropis; Opisthotropis zhaoermii sp. 
nov. 


Science Press 


INTRODUCTION 


The snakes of the family Colubridae represent the most 
specious group of extant Serpentes (Figueroa et al., 2016; 
Pyron et al., 2013). Within this diverse group, keelback snakes 
of the subfamily Natricinae exhibit adaptations to aquatic 
habitats to different degrees, and include aquatic specialists of 
the genus Opisthotropis Günther, 1872 (Guo et al., 2014; Zhao 
et al., 1998). The generic nomenclature of Opisthotropis means 
“keeled backwards’, based on its distinct morphological 
adaptations for an aquatic lifestyle (Gunther, 1872; Ziegler et al., 
2008). The natricine genus Opisthotropis is distributed across 
southern China and Southeast Asia, and inhabits flowing 
streams or waterfalls in low to moderate altitude forested areas 
(Pope, 1935; Zhao, 2006). Currently, the genus Opisthotropis 
includes 22 species, with 12 currently recorded in China: O. 
andersonii (Boulenger, 1888), O. balteata (Cope, 1895), O. 
latouchii (Boulenger, 1899), O. lateralis Boulenger, 1903, O. 
maxwelli Boulenger, 1914, O. kuatunensis Pope, 1928, O. Jacobi 
Angel and Bourret, 1933, O. guangxiensis Zhao, Jiang and Huang, 
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1978, O. cheni Zhao, 1999, O. maculosa Stuart and Chuaynkern, 
2007, O. laui Yang, Sung and Chan, 2013, and O. shenzhenensis 
Wang, Guo, Liu, Lyu, Wang, Luo, Sun, and Zhang, 2017 (Cai et al., 
2015; Murphy et al., 2008; Wang et al., 2017). 

Despite the remarkable ecological adaptations and rich 
diversity of Opisthotropis, little attention has been given to its 
taxonomy until recently (Chuaynkern et al., 2014; David et al., 
2011; Iskandar & Kamsi, 2009; Murphy et al., 2008; Wang et al., 
2017). This is particularly true for congeners in southern China. 
Prior to 2010, no modern taxonomic work on Chinese 
Opisthotropis had been conducted, and our understandings of 
the genus were based on study that dated back to the 
nineteenth century (Pope, 1935; Smith, 1943; Taylor, 1965; 
Zhao & Adler, 1993; Zhao et al., 1998; Zheng, 1992). Although 
a few recent taxonomic works using genetic methods have 
revealed surprising endemism and cryptic diversity within the 
genus, these studies have focused on areas around the Fujian- 
Guangdong Coast Subregion of southern China, with many 
areas in southern China remaining under-surveyed in regard to 
Opisthotropis diversity (Wang et al., 2017; Yang et al., 2011, 
2013). As Opisthotropis congeners are ecological specialists 
with narrow niches and limited dispersal abilities, it is possible 
that previous records of widespread congeners may represent 
overlooked distinct and cryptic species (Wang et al., 2017; 
Zhao et al., 1998; Zhao, 2006). 

During field surveys of Hunan Province in 2017, three adult 
specimens of Opisthotropis were collected in western Hunan, 
China. Detailed morphological comparisons and phylogenetic 
analyses showed that the western Hunan population of 
Opisthotropis represents a distinct evolutionary lineage that can 
be diagnosed readily from closely related congeners. Therefore, 
we describe the Hunan population of Opisthotropis as a new 
species herein. 





MATERIALS AND METHODS 


Sampling 

Three adult Opisthotropis specimens (two females and one 
male) were collected from Guzhang, western Hunan, China on 
22, 23, and 24 August 2017 (Figures 1, 2, 3A, 4A, 6). After 
each collection, the temperature and pH of the water were 
measured immediately using a liquid-in-glass thermometer 
and digital pH meter (calibrated), respectively. After 
euthanization, liver tissues were taken and preserved in 
95% ethanol for DNA extraction, with all specimens 
preserved in 1096 formalin in the field and transferred to 
75% ethanol for permanent storage after fieldwork. All 
vouchered specimens and tissue samples were deposited in 
the Museum of Herpetology, Chengdu Institute of Biology 
(CIB), Chinese Academy of Sciences (CAS). 


MOLECULAR ANALYSES 


DNA extraction, amplification, and sequencing 

Genomic DNA was extracted from macerated liver tissue 
samples using a TIANamp Genomic DNA kit (Tiangen Biotech, 
China), according to the protocols of the manufacturer. 
Mitochondrial gene cytochrome b (cyt b) was targeted and 
amplified using primers L14919 (5-AACCACCGTTGTTATT 
CAACT-3') and H16064 (5'-CTTTGGTTTACAAGAACAATGC 
TTTA-3^ (Burbrink et al., 2000; Guo et al., 2012). Polymerase 
chain reactions (PCR) were performed at 25 uL volume, and 
amplified DNA was produced after initial denaturing for 7 min at 
94 °C, 41 cycles of denaturation for 40 s at 94 °C, annealing for 
30 s at 46 °C, extension for 1 min at 72 °C, and final extension 
for 8 min at 72 “C. The PCR products were purified using 
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Figure 1 General and close-up views of Opisthotropis zhaoermii sp. nov. holotype CIB109999 (adult female) and paratype CIB109998 


(adult male) in life (Photos by Jin-Long Ren) 


A: General view of female holotype; B: Close-up view of female holotype; C: General view of male paratype; D: Close-up view of male paratype. 
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Figure 2 Dorsal and ventral views of Opisthotropis zhaoermii sp. nov. holotype CIB109999 (adult female) and CIB109998 (adult male) 


(Photos by Jin-Long Ren) 


A: Dorsal view of female holotype; B: Ventral view of female holotype; C: Dorsal view of male paratype; D: Ventral view of male paratype. 





Figure 3 Lateral head (column 1), dorsal head (column 2), and ventral head (column 3) comparisons of Opisthotropis zhaoermii sp. nov., 


O. cheni, and O. latouchii (Photos by Jin-Long Ren) 


Row A: Lateral head (A1), dorsal head (A2), and ventral head (A3) views of Opisthotropis zhaoermii sp. nov. (holotype CIB109999); Row B: Lateral 
head (B1), dorsal head (B2), and ventral head (B3) views of O. cheni (YBU071050); Row C: Lateral head (C1), dorsal head (C2), and ventral head (C3) 


views of O. latouchii (CIB9989). 


commercial kits and sequenced in both directions by an ABI 
3730xL sequencer (Applied Biosystems, Foster City, CA, USA). 
Sequence editing and management were performed in 
Geneious Pro 4.8.4 (Kearse et al., 2012). All new sequences 
were deposited in GenBank (Table 1). 


Phylogenetic analyses 

Natrix natrix (Linnaeus, 1758), Rhabdophis leonardi (Wall, 1923), 
and Hebius johannis (Boulenger, 1908) were selected as the 
outgroups for phylogenetic analyses (Figueroa et al., 2016). We 


downloaded all 26 available cyt b sequences of congeners and 
the above outgroups from GenBank (Table 1). The dataset was 
aligned using MEGA 6 with default parameters (Tamura et al., 
2013), and adjusted manually. Possible saturation of substitution 
types was checked using DAMBE (Xia & Xie, 2001). 

Bayesian inference (Bl) and maximum likelihood (ML) 
analyses were conducted. The DNA substitution model was 
calculated by PartitionFinder 2 (Lanfear et al., 2017) using 
Akaike Information Criterion (AIC), which is a GTR+I+G model 
for the first and second codon positions and a TIM+G model for 
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the third position. The Bl analyses were conducted using 


MrBayes 3.1.2, as described in Ronquist & Huelsenbeck (2003). 


Two independent runs of four Markov Chains for 10 000 000 
generations were summarized by the Bl, and sampled every 
100 generations. The first 25% were discarded as “burn-in”. 
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Bayesian posterior probability (BPP) was determined to test the 
confidence of tree topology, where nodes with BPP295% were 
considered strongly supported. Convergence and effective 
sample size (ESS) of the parameters were investigated in 
Tracer 1.6 (Rambaut & Drummond, 2013). 
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Figure 4 Anterior dorsal (column 1), dorsolateral (column 2), and ventral coloration (column 3) comparisons of Opisthotropis zhaoermii 


sp. nov., O. cheni, and O. latouchii (Photos by Jin-Long Ren) 


Row A: Anterior dorsal (A1), dorsolateral (A2), and ventral coloration (A3) of Opisthotropis zhaoermii sp. nov. (holotype CIB109999); Row B: Anterior 
dorsal (B1), dorsolateral (B2), and ventral coloration (B3) of O. cheni (YBU071050); Row C: Anterior dorsal (C1), dorsolateral (C2), and ventral 


coloration (C3) of O. latouchii (CIB9989). 
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Figure 5 BI phylogenetic tree estimated from cyt b sequences depicting phylogenetic relationships of Opisthotropis (numbers above 


branches are BPP and numbers below branches are BSP (>70 retained)) 
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Figure 6 Type localities of species of the Opisthotropis latouchii group (created from MAP WORLD, http://www.tianditu.com) 
Star: Type locality of Opisthotropis zhaoermii sp. nov. (western Hunan); Circle: Type locality of O. cheni (southern Hunan); Square: Type locality of 
O. latouchii (northern Fujian). 


Table 1 Samples and sequences used in molecular analysis 


Genus 


Opisthotropis 


Species 


zhaoermii sp. nov 
zhaoermii sp. nov 
zhaoermii sp. nov 
cheni 

cheni 

latouchii 

latouchii 
kuatunensis 
kuatunensis 
kuatunensis 
lateralis 

lateralis 

lateralis 

laui 

laui 

laui 

maxwelli 
maxwelli 
andersonii 
andersonii 


andersonii 


Locality 


Guzhang County, Hunan Province, China 

Guzhang County, Hunan Province, China 

Guzhang County, Hunan Province, China 

Nanling National Nature Reserve, Ruyuan County, Guangdong Province, China 
Shimentai Nature Reserve, Yingde City, Guangdong Province, China 
Fujian Province, China 

Guadun Village, Wuyishan City, Fujian Province, China 

Qixiling Nature Reserve, Yongxin County, Jiangxi Province, China 
Wulong Village, Shanghang County, Fujian Province, China 

Mt. Wutong, Shenzhen City, Guangdong Province, China 

Guangxi Province, China 

Heishiding Nature Reserve, Fengkai County, Guangdong Province, China 
Mt. Wutong, Shenzhen, Guangdong Province, China 

Shangchuan Island, Taishan County, Guangdong Province, China 
Shangchuan Island, Taishan County, Guangdong Province, China 
Shangchuan Island, Taishan County, Guangdong Province, China 
Nan'ao Island, Nan'ao County, Guangdong Province, China 
Huboliao Nature Reserve, Nanjing County, Fujian Province, China 
Mt. Wutong, Shenzhen City, Guangdong Province, China 

Mt. Wutong, Shenzhen City, Guangdong Province, China 

Mt. Maofeng, Guangzhou City, Guangdong Province, China 
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Voucher No. 


CIB109998 

CIB109999 

CIB110000 

YBU071040 

SYS 1001422 
SYS 1000670 
SYS 1000998 
SYS 1001008 
SYS 1001081 
SYS 1000951 
SYS 1001080 
SYS r001161 
SYS r001170 
SYS r001171 
SYS 1000841 
SYS 1001053 
SYS 1001020 
SYS 1001082 
SYS 1001382 


GenBank 
accession No. 


MG012799* 
MG012800* 
MG012801* 
GQ281779* 
KY594741* 
GQ281783* 
KY594742* 
KY594745* 
KY594746 
KY594747 
GQ281782* 
KY594743 
KY594744 
KY594738* 
KY594739 
KY594740 
KY594736* 
KY594737 
KY594732* 
KY594733 
KY594734 
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Continued 


Genus Species Locality Voucher No. Gel Ne: 
Opisthotropis andersonii Mt. Maofeng, Guangzhou City, Guangdong Province, China SYS r001383 KY594735 
andersonii Tai Tam, HK Island, Hong Kong SYS r001423  KY594730 
andersonii Tai Mo Shan, Hong Kong SYS r001424 | KY594731 
shenzhenensis Mt. Wutong, Shenzhen, Guangdong Province, China SYS r001018  KY594727* 
shenzhenensis Sanzhoutian, Shenzhen City, Guangdong Province, China SYS r001021 KY594728 
shenzhenensis Mt. Tiantou, Shenzhen City, Guangdong Province, China SYS r001032 KY594729 
maculosa Heishiding Nature Reserve, Fengkai County, Guangdong Province, China SYS r000946 KY594748* 
guangxiensis Guangxi Province, China — GQ281776* 
Natrix natrix S Borup, Zealand, Denmark MTD T 9269 HF680010 
Rhabdophis leonardi Panzhihua City, Sichuan Province, China SCUMO90009 KF800933 
Hebius johannis Yunnan Province, China GP897 KJ685708 
GenBank accession No. marked with * represents sequence used in the genetic distance analysis to represent respective species; “— indicates 


missing voucher information. 


The ML analyses were performed in RAxML 8.2.10 
(Stamatakis, 2014) under the most complex substitution 
model (GTRGAMMA) based on the AIC model assessment 
results. Partitions were unlinked and bootstrap proportions 
(BSP) were investigated with 1 000 bootstrap replicates 
using the fast bootstrapping algorithm, otherwise under 
default parameters. Nodes of the ML tree with BSP270 
were significantly supported. 

Uncorrected pairwise distance  (p-distances) of the 
sequenced cyt b data among congeners was calculated using 
MEGA 6 (Tamura et al., 2013). 


Morphological analyses 

In addition to the three newly collected specimens, a total of 33 
vouchered specimens were also examined for morphological 
data (Appendix). As the genus is understudied and contains 
cryptic diversity, only topotypic or paratopotypic specimens 
were examined if available to avoid taxonomic confusion. 
Additional museum abbreviations include Yibin University, Yibin, 
China (YBU); Museum of Biology, Sun Yat-Sen University, 
Guangzhou, China (SYS); Institute of Ecology and Biological 
Resources, Vietnamese Academy of Science and Technology, 
Hanoi, Vietnam (IEBR); Zoological Museum, Vietnam National 
University, Hanoi, Vietnam (VNUH). 

Measurements were taken by Jin-Long Ren with a digital 
slide-caliper to the nearest 0.1 mm, except for total lengths 
(TL), which were measured using a measuring tape to the 
nearest 1 mm. Measurement methods and their definitions 
followed Zhao (2006), and included: total length (TL), snout- 
vent length (SVL), tail length (TaL), head length (HL), and 
head width (HW). In addition, the following morphometric 
characters were examined in this study: rostral length (RL): 
distance from tip of snout to anterior edges of eyes; rostral 
width (RW): maximum distance between supralabials at the 
anterior edges of eyes; interorbital distance (IOD): distance 
between upper edges of eyes; eye width (EW): maximum 
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horizontal eye width; distance between the lower margins of 
eye and of lip (SoL); maximum loreal length (LoL); maximum 
loreal depth (LoD); maximum anterior temporal length (ToL); 
and maximum anterior temporal depth (ToD). 

The following pholidosis characteristics were also recorded 
(character definition and counting methods followed Zhao 
(2006)): internasal counts (IN), prefrontal counts (PrF), frontal 
counts (F), parietal counts (P), loreal counts (L), preocular 
counts (PrO), postocular counts (PtO), supraocular counts 
(SpO), subocular counts (SbO), supralabial counts (SL), 
infralabial counts (IL), temporal counts (TEM), chin shield 
counts, maxillary tooth counts (MT), dorsal scale row counts 
(DSR), ventral counts (VEN), and subcaudal counts (SC). 
Dorsal scale rows (DSR) were taken at one head length (HL) 
behind head, at midbody, and at one head length (HL) before 
cloaca, respectively. Symmetric characters (e.g., temporals 
and supralabials) were given in left/right order and averages 
were used in the analyses, except for maxillary teeth, which 
were counted on the left side of each specimen only. 

In addition to the vouchered specimens examined 
(Appendix), morphological data of congeners were also 
obtained from the literature, including original descriptions 
and redescriptions (Angel & Bourret, 1933; Boulenger, 1888, 
1899, 1903, 1914; Cope, 1895; David et al., 2011, 2015; 
Günther, 1872; Li et al., 2010; Pope, 1928; Stuart & 
Chuaynkern, 2007; Teynié et al., 2014; Wang et al., 2017; 
Yang et al., 2013; Zhao et al., 1978, 1998; Zhao, 1999, 2005, 
2006; Ziegler et al., 2008). 


RESULTS 


For the 29 aligned sequences of the congeners, a total of 406 
variable and 367 parsimony informative sites were identified. 
The uncorrected pairwise sequence divergence of 11 sampled 
Opisthotropis species ranged from 5.0% to 17.8% (Table 2). 
The three sampled individuals of the Hunan population shared 


identical haplotypes for cyt b and possessed a genetic 
divergence of 5.6% and 5.1% from O. cheni and O. latouchii, 
respectively. Such divergences are higher than the recognized 


species level in Opisthotropis (5.0% between O. cheni and O. 
latouchii), with the intraspecific genetic divergences of O. 
latouchii and O. cheni ranging from 0.0% to 0.5%. 


Table 2 Uncorrected pairwise sequence divergence among cyt b mtDNA gene sequences of Opisthotropis species 


A B C D E 
O. zhaoermii sp. nov. (MG012799) (A) 
O. zhaoermii sp. nov. (MG012800) (B) 0.0% 
O. zhaoermii sp. nov. (MG012801) (C) 0.0% 0.0% 
O. cheni (GQ281779) (D) 5.6% 5.6% 5.6% 
O. cheni (KY594741) (E) 5.6% 5.6% 5.6% 0.5% 
O. latouchii (GQ281783) (F) 5.1% 5.1% 5.1% 5.1% 5.0% 
O. latouchii (KY594742) (G) 5.1% 5.1% 5.1% 5.1% 5.0% 
O. kuatunensis (KY594745) (H) 14.8% 14.8% 14.8% 14.2% 14.3% 
O. lateralis (GQ281782) (l) 16.1% 16.1% 16.1% 15.6% 15.6% 
O. laui (KY594738) (J) 16.4% 16.4% 16.4% 16.5% 16.6% 
O. maxwelli (KY594736) (K) 15.2% 15.2% 15.2% 15.9% 15.8% 
O. andersonii (KY594732) (L) 16.0% 16.0% 16.0% 17.4% 17.3% 
O. shenzhenensis (KY594727) (M) 16.2% 16.2% 16.2% 17.2% 17.3% 
O. maculosa (KY594748) (N) 16.7% 16.7% 16.7% 17.5% 17.4% 
O. guangxiensis (GQ281776) (O) 15.9% 15.9% 15.9% 16.6% 16.3% 


F G 


0.0% 

13.8% 
15.9% 
16.3% 
15.5% 
16.0% 
16.5% 
16.5% 
15.5% 


13.8% 
15.9% 
16.3% 
15.5% 
16.0% 
16.5% 
16.5% 
15.5% 


H 


16.5% 
16.8% 
15.9% 
16.7% 
17.8% 
15.9% 
15.7% 


15.0% 
13.3% 
14.8% 
14.8% 
17.7% 
16.9% 


J 


11.4% 
12.2% 
14.3% 
16.5% 
16.3% 


K 


11.8% 
11.2% 
15.0% 
15.5% 


L M N 


11.796 
16.7% 16.5% 
14.9% 16.6% 16.0% 


For phylogenetic analyses, a majority rule consensus tree 
inferred from BI (-In L=-6 531.011 3; average standard deviation 
of split support=0.002 005; ESS>200) was consistent with the 
ML tree (Figure 5). Opisthotropis was recovered as monophyletic 
with current samplings. Although interspecific relationships 
among congeners within Opisthotropis were not fully resolved, 
the final consensus tree yielded high support (BPP»0.95; 
BSP>70) for key nodes concerning the relationship between 
the Hunan population with recognized congeners. The Hunan 
population was recovered as a monophyletic clade (BPP=1.00; 
BSP=100) within Opisthotropis, which was most closely related 
to O. cheni (BPP=0.97; BSP=93). Opisthotropis latouchii is the 
sister taxon to the node, and together all three species 
constitute the O. latouchii species group (Figure 5). 

Detailed morphological comparisons showed that the Hunan 
population possessed a suite of morphological characteristics 
that can be readily distinguished from all recognized congeners, 
including number of maxillary teeth, head scalation, and 
ornamentation patterns (Table 3; Figures 1-4). Therefore, 
according to both molecular and morphological evidence, we 
describe the Hunan population of Opisthotropis as a new 
species below. 


Taxonomic account 
Opisthotropis zhaoermii sp. nov., Ren, Wang, Jiang, Guo, 
Li, 2017 (Figures 1, 2, 3A, 4A) 


Holotype CIB109999 (field No. HNYS 20170049) (Figures 1A, 
1B, 2A, 2B, 3A, 4A), adult female, from Zuolong Gorges, 
Guzhang, Tujia-Miao of western Hunan, China (N28°42'17.88", 


E109°55'26.26", 561 m a.s.l., Figure 6), collected by Jin-Long 
Ren and Si-Bo Su on 24 August 2017. 


Paratypes One adult male, CIB109998 (field No. 
HNYS20170019) (Figures 1C, 1D, 2C, 2D) and one adult 
female CIB110000 (field No. HNYS20170050), collected by Jin- 
Long Ren and Si-Bo Su at the same locality as holotype on 22 
and 23 August 2017. 


Diagnosis A large-sized species of Opisthotropis diagnosed 
by the following morphological characters: (1) head barely 
distinct from neck; (2) body and tail moderately slender; (3) 
prefrontal single, much broader than long; (4) nostrils 
directed upwards; (5) eyes small; (6) maxillary teeth 
subequal; (7) anterior neck dorsal scales smooth, middle 
body with faint keels, tending to moderately keeled rear 
body and on tail. 

The new species differs from all congeners by a combination 
of the following characters: (1) body size large (TL 514—586 mm); 
(2) tail moderate (Tal/TL 0.20-0.21); (3) dorsal scale rows 
17:17:17; (4) ventral scales 147—152; (5) subcaudal scales 54— 
62; (6) preocular absent; (7) loreal elongated and entering orbit; 
(8) supralabials mostly 9 (rarely 8), fifth and sixth entering obit; 
(9) anterior temporals short, ToL/ToD 1.74—2.04; (10) maxillary 
teeth 28-30; (11) irregular yellow stripes edged with ochre 
present on dorsal and lateral head; (12) clear black and yellow 
longitudinal streaks present on dorsal and lateral body, some 
streaks fused to light patches or stripes anteriorly; (13) venter 
pale yellow in life, with asymmetric blackish speckles along 
outer margins. 


Zoological Research 38(5): 251-263, 2017 257 


Table 3 Morphological characteristics of the examined specimens of O. zhaoermii sp. nov., O. cheni, and O. latouchii examined in this study 


O. zhaoermii sp. nov. O. latouchii O. cheni 

male (n=1) female (n=2) male (n=7) female (n=3) male (n=5) female (n=4) 
TL (mm) 529.7 514.8-586.7 384.4-463.6 401.2-446.3 395.9—564.5 433.0—534.7 
TaL (mm) 108.62 101.26-120.49 78.89-92.86 82.59-91.25 88.52-113.48 86.45-108.21 
Tal/TL 0.21 0.20-0.21 0.20-0.21 0.20-0.21 0.20-0.22 0.18-0.21 
HL (mm) 12.72 12.92-13.61 9.94-11.69 9.43-11.13 10.40—14.03 12.33-13.64 
HW (mm) 8.76 9.81—10.84 7.11—8.34 7.26-8.53 8.55-10.25 8.22-9.80 
HL/HW 1.45 1.26-1.32 1.31-1.46 1.25-1.30 1.21-1.53 1.32-1.50 
RL (mm) 4.60 4.57—4.78 3.18—4.29 3.18-3.55 3.59—4.56 4.21—4.58 
RW (mm) 7.14 7.00—8.20 4.87—6.27 5.62—6.66 6.46-7.44 6.95-7.14 
RL/RW 0.64 0.56-0.68 0.52-0.70 0.53-0.58 0.56-0.67 0.61-0.65 
IOD (mm) 5.41 5.72—6.10 4.20—5.47 4.65—4.82 4.65—5.68 4.94—6.05 
IOD/HW 0.62 0.56-0.58 0.54-0.66 0.57—0.64 0.54—0.64 0.54—0.62 
EW (mm) 1.33 1.36—1.60 0.87—1.09 0.96-1.08 1.37-1.51 1.29—1.48 
EW/HL 0.10 0.11—0.12 0.08-0.10 0.09-0.11 0.10-0.13 0.10-0.12 
SOL (mm) 1.94 1.94—1.98 1.32-1.64 1.26-1.44 1.50—1.94 1.46—1.85 
SOL/HL 0.15 0.15 0.13-0.16 0.13-0.14 0.13-0.15 0.12-0.14 
LoL (mm) 2.10 2.20—2.32 1.47—1.85 1.44—1.49 1.78—2.46 2.11—2.42 
LoD (mm) 1.31 1.04—1.28 0.84—1.12 0.69-0.86 1.02-1.39 1.13-1.30 
LoL/LoD 1.64 1.82-2.11 1.56—1.96 1.68-2.18 1.75—1.89 1.73-2.07 
ToL (mm) 2.06 2.84-3.01 2.00—2.66 1.99—2.46 2.48—3.56 2.57—3.42 
ToD (mm) 1.19 1.41—1.47 0.85-1.09 0.94-1.00 0.95-1.09 0.75-1.19 
ToL/ToD 1.74 2.02-2.04 1.87—2.80 2.08—2.66 2.36—3.63 2.88-3.47 
DSR 17:17:17 17:17:17 17:17:17 17:17:17 17:17:17 17:17:17 
SL 9 8—9 8-9 7-9 7-9 8-9 
IL 8 8-10 7-9 8-9 8-10 9—10 
TEM 1+2+2/1+1+2 1+2/1 1+1/2 1+1/2 1+2/1 1+1 
MT 29 28—30 18—24 12-23 25-28 25-28 
VEN 152 147-152 155-161 155-159 152-162 146-153 
SC 62 54—61 57—63 59-63 61-64 47-60 


Abbreviations are listed in Material and Methods. 


Description of holotype Body relatively large (TL 586 mm), 
stout and cylindrical; head short and broad, HL/SVL 0.03, 
HL/HW 1.26, dorsally depressed, not distinct from neck; eyes 
small, EW 1.60 mm, EW/HL 0.12; pupils round; interorbital 
distance medium, IOD/HW 0.56. Nostrils oval, directed upwards, 
located at inner side of nasals; tail long, TaL/TL 0.21, tapering 
posteriorly. Maxillary teeth 30, subequal, densely set, not 
grooved. 

Rostral semi-circular, width 1.5 times longer than high, visible 
from above; nasals subhexagonal, in contact with rostral, not 
divided, furrow from inferior nostril to edge of nasal, reaching 
superior margin of second supralabial; internasals quadrangular, 
longer than wide, away from loreal, contacting nasals laterally, 
prefrontal posteriorly; prefrontal single, subrectangular, twice as 
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broad than long, protruding anteriorly, posterior edge broaaly in 
contact with frontal, lower corner in contact with supraoculars 
on both sides; frontal single, subpentagonal, somewhat peach- 
shaped, slightly broader than long, 1.8 times longer than 
prefrontal; single pair of parietals present, 1.5 times longer than 
wide; loreals 1/1, elongated, subrectangular in shape, twice as 
long than high, about 1.4 times longer than eye diameter, 
entering orbit, in contact with nasal, prefrontal, supraocular, 
supralabials (third, fourth, fifth). Preocular absent; postoculars 
2/2, upper pair slightly shorter than eye, larger than lower pair; 
lower postocular in contact with sixth supralabial on left, sixth 
and seventh on right; supraocular 1/1, large, "B"-shaped, about 
equal length to loreal; supralabials 8/9, fifth and sixth entering 
orbit. On left, supralabials 1—5 distinctly higher than long, 


supralabials 6-8 longer than high; on right, supralabials 1—6 
distinctly higher than long, equal size in seventh, last two longer 
than high. Temporals 1+2/1+2, anterior ones largest, about two 
times longer than wide, in contact with supralabials 6-7 on left 
side, supralabials 7-9 on right; two posterior temporals shorter 
and smaller than anterior pair, subequal, slightly shorter than 
loreals; two pairs of chin shields present, anterior ones about 
1.2 times longer than posterior ones; posterior chin shields 
separated from each other by two scales; mental groove 
apparent; infralabials 9/8, first four in contact with anterior chin 
shields, fourth and fifth in contact with posterior chin shields; 
sparse minute granular asperities on head scales. Dorsal scale 
rows 17:17:17 without apical pits, vertebral not enlarged, dorsal 
scales smooth anteriorly, gradually keeled from seventh ventral 
position, weakly keeled anteriorly and stronger posteriorly; outer 
most dorsal scale rows along both sides of body smooth 
entirely before cloaca. Ventrals 152, precloacal divided; anal 
divided; subcaudal 60, paired, with single terminal rod. 


Coloration of holotype in life: In life, the dorsal surface of the 
head is brownish yellow, mottled with small brownish black 
spots and patches. Lighter irregular markings are present on 
the internasals, prefrontal, and frontal, which do not sharply 
separate the darker center from the brownish yellow 
background color. Brownish ocher stripes are observed on the 
posterior edges of frontal and parietals, forming several 
irregular broken boundary lines. In front of the stripes on the 
parietals, six thicker oblique stripes are observed. Color 
patterns are similar on the lateral surface, supralabials 3—6 (3—7 
on right) and infralabials 2-8 brownish yellow with anterior 
blackish borders. The blackish edge of upper part of 
supralabials 6-8 (7—9 on right), postoculars, and lower part of 
anterior temporal forming a thick "eyebrow" streak pattern, 
connecting with the outer most irregular black lateral stripe 
extended to tail tip. From supralabial 5 to neck, darker brownish 
yellow background color gradually transitions into light yellow. 
Tongue is purple with pink markings, gradually turning white at 
apex. Dorsal scales from row 3 to 15, each scale is black with a 
subtriangular or rectangular yellow center, thus constituting 
thirteen clear longitudinal stripes along the whole trunk just after 
the posterior edges of the parietals. Before 24th ventral position, 
dorsal scale rows 1 and 17 pale yellow entirely or marked with 
minute black spots, black upper edges gradually appearing on 
these two rows of scales after 24th ventral position, forming an 
extra yellow stripe along each side. Along the vertebral scales 
on the back, these yellow stripes fuse to seven conspicuous 
irregular patches or stripes anteriorly, only eight yellow stripes 
observed at the base of the tail. Chin and anterior venter pale 
yellow, venter becoming lighter posteriorly. The ventral scales 
are cream with bold yellow posterior margins, asymmetric black 
spots present along the outer margins, somewhat transparent. 
Subcaudals resemble ventrals but with a black longitudinal 
joining stripe after the eleventh subcaudal scale. 


Coloration in preservation Specimens fixed in formalin and 
preserved in ethanol resemble the coloration of live animals. 
However, the yellow longitudinal stripes faded to a dull yellow 


hue, and the cream venter changed to uniform beige and was 
no longer transparent (Figures 2A, 2B). 


Variation  Paratypes generally resemble holotype in 
morphological characters (Figures 1C, 1D, 2C, 2D; Table 3). 
However, the male paratype CIB109998 differs from the female 
specimens (CIB109999 and CIB 110000) by smaller body size 
(TL 514 mm vs. 529-586 mm in females), shorter anterior 
temporals (ToL/ToD 1.74 vs. 2.02-2.04 in females), and rather 
irregular yellow patterns within each dorsal scale (vs. regular) 
(Figures 1C, 1D, 2C, 2D). As the sample size is small, it is 
unknown whether such differences observed between the two 
sexes represent sexual dimorphism in this species. 


Distribution and natural history This species is only known 
from the type locality presently (Figure 6). Opisthotropis 
zhaoermii sp. nov. inhabits small, fast-flowing mountain 
streams in forested areas, with water temperature and pH 
between 19.9-21.22 ^C and 7.85-7.93, respectively. Being 
nocturnal, individuals were seen swimming at the edge of the 
backwater of travertine waterfalls from 2100h to 0100h at night 
(Figure 7). The holotype was collected during a heavy rainstorm 
that caused the water to become extreme turbid, with water 
temperature and pH measurements of 19.5 “C and 8.13, 
respectively. 

When handled, individuals never stroked or displayed 
threating postures. Instead, individuals struggled violently and 
released a musky, pungent, and enduring defensive odor, much 
like that of O. balteata and O. kuatunensis (Pope, 1935). The 
scales of the snakes become dehydrated and crimped quickly 
after leaving the water for about 10 min, but recovered rapidly 
when returned to water. Similar to other congeners in China, the 
new species may prey on earthworms, tadpoles, freshwater 
isopods, crabs, and small fish (Pope, 1935). Other herpetofauna, 
including Quasipaa boulengeri, Odorrana schmackeri, Lycodon 
rufozonatum, L. fasciatus, and Deinagkistrodon acutus, were 
observed sympatric with the new species. 


Etymology The specific epithet, zhaoermii, is derived from the 
name of an internationally renowned Chinese herpetologist, 
Prof. Er-Mi Zhao, who unfortunately passed away on 24 
December 2016. Designation of this specific epithet honors his 
great contribution to  herpetological research in China, 
specifically to his contribution to the taxonomy of Opisthotropis, 
including the first description of the sister species (i.e., O. cheni, 
see above) of the newly found species. We suggest Zhao's 
Mountain Stream Snake as its English common name, and 
"Zhao Shi Hou Leng She” (GD bah) as its Chinese common 
name. 


Comparisons For pholidosis characteristics, Opisthotropis 
zhaoermii sp. nov. is most similar to O. chent and O. latouchii 
in having the same number of dorsal scale rows (17:17:17) and 
postoculars (2), and all three species possessing elongated 
loreals that enter orbits. However, Opisthotropis zhaoermii sp. 
nov. can be distinguished from both recognized species by a 
suite of morphological characteristics. The new species differs 
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Figure 7 Travertine stream habitat of Opisthotropis zhaoermii sp. nov. in western Hunan, China (Photo by Jin-Long Ren) 


from O. cheni by having a higher number of maxillary teeth (28— 
30 vs. 25-28), a different temporal format (1*2 [rarely 1 only] vs. 
1*1, occasionally 142), shorter anterior temporals (ToL/ToD 
1.74—2.04 vs. 2.36-3.63), a larger distance between the lower 
margins of the eye and of lip (SoL/HL 0.15 vs. 0.12-0.14), and 
distinct dorsal color patterns (alternate, longitudinal black and 
yellow stripes vs. uniform dark olive with light-yellow transverse 
bands); from O. latouchii by having a larger body size (TL 514— 
586 mm vs. 360-419 mm), a higher number of maxillary teeth 
(28-30 vs. 12-25), lower ventral counts (147—152 vs. 155-159), 
a different temporal format (142 [rarely 1 only] vs. 141, 
occasionally 142), and a distinct dorsal color pattern (alternate 
longitudinal stripes partly fused vs. distinct stripes never fused 
together) (Figures 3, 4; Table 3). 

For other congeners that also have 17:17:17 dorsal scale 
rows, Opisthotropis zhaoermii sp. nov. differs from O. lateralis 
and O. maxwelli by having a different loreal position (loreals 
entering orbits vs. separate from orbits). In addition, the new 
species differs from O. lateralis by having a lower number of 
supralabials (8—9 vs. 10—11) and a larger size (TL 514—586 mm 
vs. 294—461 mm); from O. maxwelli by having a higher number 
of maxillary teeth (28—30 vs. 22—23) and a higher number of 
supralabials (8-9 vs. 6-7). Furthermore, Opisthotropis 
zhaoermii sp. nov. differs from O. andersonii by having a higher 
number of maxillary teeth (28-30 vs. 22-23), a larger body size 
(TL 514—586 mm vs. 240—462 mm), and a longer tail (TaL/TL 
0.20—0.21 vs. 0.15-0.20); from O. daovantieni Orlov, Darevsky 
and Murphy, 1998 and O. spenceri Smith, 1918 by having a 
different internasals location (separated from loreals vs. in 
contact) and fewer ventrals (147—152 vs. 189-194 in O. 
daovantieni and 178—185 in O. spenceri). 

For congeners that have 17 rows of dorsal scales at the 
midbody, including O. rugosa (Lidth de Jeude, 1890), O. 
tamdaoensis Ziegler, David and Vu, 2008, and O. atra 
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Günther, 1872, the new species differs from O. rugosa and O. 
tamdaoensis by having a different dorsal scale formula 
(17:17:17 vs. 19:17:15 in O. rugosa, 19:17:17 in O. tamdaoensis), 
and from O. atra by lower number of ventrals (147—152 vs. 
170), lower subcaudal counts (54—62 vs. 65), and higher 
number of supralabials (8—9 vs. 7). 

For the remaining congeners, Opisthotropis zhaoermii sp. 
nov. differs from O. guangxiensis, O. jacobi, O. kikuzatoi Okada 
and Takara, 1958, and O. maculosa by having different dorsal 
scale rows at the midbody (17 vs. 15) and a lower number of 
ventrals (147—152 vs. 164—174 in O. guangxiensis, 155—179 in 
O. jacobi, 180-183 in O. kikuzatoi, and 166-188 in O. 
maculosa); from O. balteata, O. kuatunensis, O. shenzhenensis, 
O. durandi Teynié, Lottier, David, Nguyen and Vogel, 2013, and 
O. laui, 2013 by a distinct formula of dorsal scale rows 
(17:17:17 vs. 19:19:17 in O. balteata, 19:19:19 in O. 
kuatunensis and O. shenzhenensis, 19:21:17 in O. durandi, and 
25:23:23 in O. laui); from O. cucae David, Pham, Nguyen and 
Ziegler, 2011 by having a distinct position of internasals 
(truncated anteriorly and separate from loreal vs. curved and in 
contact with loreal); from O. typica (Mocquard, 1890) and O. 
alcalai Brown and Leviton, 1961 by having a distinct prefrontal 
condition (complete vs. divided). 


Key to species of Opisthotropis 

With the description of this new species, an updated diagnostic 
key to all species of the genus Opisthotropis is provided here to 
facilitate future taxonomic work. 


1 Prefrontal single ui 2 
— Prefrontal divided .........................eesssssssseeee 21 
2 Dorsal scale rows 15 at midbogy ........................................ 3 

Dorsal scale rows 17—23 at midbogy .................................. 6 


[NIO 


Co 


10 


11 


12 


13 


14 


20 


Supralabials 6—7; dorsal scales keeled posteriorly ............... 

———-ET=ETTTT ELE ==————— BI I O. kikuzatoi 
Supralabials 7—10; dorsal scales smooth entirely............... 4 

Dorsal scale rows 17:15:15; dorsal surface with pale yellow 
eege O. guangxiensis 
Dorsal scale rows 15:15:15; dorsal surface without pale 
yellow crossbars ......................«..«s«s«sssesssssesessseseeunsennnnnnssssssns 5 
Anterior chin shields nearly two times longer than posterior 
ones; dorsal surface uniformly blackish brown ...... O. jacobi 
Anterior chin shields and posterior ones about equal length; 
dorsal surface dark with a yellow spot on each dorsal scale 


-—-—~~—~FĴ~Ĵ~Ĵ77ŜyŜĈPoRrEIEI I ie d iMt E O. maculosa 
Dorsal scale rows 17 at midbogy ......................................... 7 
Dorsal scale rows 19-23 at midbogy................................. 16 
Ventral scales 189—194 .................................. O. daovantieni 
Ventral scales less than 180. 8 


Anterior temporal scales 2; subocular present...................... 
C DEDE O. tamdaoensis 


Anterior temporal scales 1; subocular absent..................... 9 
Dark lateral stripe abruptly separating dark dorsum from 
light ventral color; loreal not entering orbit........... O. lateralis 
No such lateral stripe, loreal entering orbit or not ............. 10 
Loreal not entering orbit, LoL/LoD 1.40—1.70.....O. maxwelli 
Loreal entering orbit or not, LoL/LOD>1.70 ....................... 11 
Tail short, TaL/TL 0.15—0.20............................. O. andersonii 
Tail moderate or long, TaL/TL 20.20 ................................... 12 


Preocular absent; loreal elongated and entering orbit......13 
Preocular present; loreal normal-sized and not entering 


Body size small, total length shorter than 419 mm; 
maxillary teeth count no more than 25 ............... O. latouchii 
Body size moderate or large, total length longer than 419 
mm; maxillary teeth count no less than 25........................ 14 
Maxillary teeth count 25-28; anterior temporal scales 
elongated, ToL/ToD 2.63-3.63; dorsal surface dark olive 
with yellow crossbars „............ssessssseeeeseeeererrnnrneneeeeeee O. cheni 
Maxillary teeth count 28-30; anterior temporal scales short, 
ToL/ToD 1.74—2.04; dorsal surface with longitudinal yellow 


SPES oco mdndo ieee O. zhaoermii sp. nov. 
Nasal scales paired on both sides .............................. O. atra 
Nasal scales not paired on both sides ................ O. spenceri 
Dorsal scale rows 19 at midbogy....................................... 17 
Dorsal scale rows 21 or 23 at midbody ............................. 20 
Internasal in contact with loreal............................... O. cucae 
Internasal not in contact with loreal ................................... 18 
Dorsal scale rows 19:19:17; ventral scales 190-2095 ........... 
ET E Hr OSEE Me tol E C. balteata 
Dorsal scale rows 19:19:19; ventral scales less than 190.... 
»--»————yZ TTT raus dod Vel ruo ale, sri t 19 


Supralabials 9-10, not divided horizontally; dorsal scales 
feebly keeled anteriorly, strongly keeled posteriorly; dorsal 
surface olive-green with fine black mesh pattern .................. 
EE O. shenzhenensis 
Supralabials 13-16, divided horizontally; dorsal scales 
strongly keeled entire body; dorsal surface dark brown with 
black longitudinal lines .................................. O. kuatunensis 
Dorsal scale rows 21 at midbogy......................... O. durandi 


— Dorsal scale rows 23 at midbody................................ O. laui 
21 Dorsal scale smooth............................................... C. alcalai 
— Dorsal scale keeled ..........0nnnnnnnnnnnnnnnnnannnnnnnnnnnnssnsnnnnnnrnrrnnee 22 
22 Dorsal scale rows 17 at midbody; preocular 1; supralabials 

EK EE O. rugosa 
— Dorsal scale rows 19 at midbody; preocular 2; supralabials 

ji eer Te O. typica 
DISCUSSION 


Although recent taxonomic work has shed light on the 
taxonomy of Chinese Opisthotropis, research has been focused 
on the Pearl River Valley only (Wang et al., 2017; Yang et al., 
2013), and diversity of the genus in most parts of southern 
China remained overlooked. Our discovery of the new species 
Opisthotropis zhaoermii in the Yangtze River Basin highlights 
the underestimated diversity of the genus in southern China 
and calls for further fieldwork and continuous taxonomic studies 
of the group in the under-surveyed regions of southern China. 

Despite the recent taxonomic discoveries of Opisthotropis in 
southern China and northern Indochina, many of the newly 
described species are known from only a handful of specimens, 
and in some case, from a single holotype from the type locality 
(David et al., 2011; Yang et al., 2013; Ziegler et al., 2008). The 
low numbers of vouchered specimens and geographic 
samplings have resulted in limited knowledge on the 
morphological variations, distribution patterns, and conservation 
of members of the genus. Furthermore, few studies have 
reported detailed natural history data of congeners, including 
color in life, behaviors, reproductive biology, and population 
statuses. As ecological niche differentiation may be a driver of 
species diversification in Opisthotropis (Yang et al., 2011), it is 
important to collect ecological data for different congeners. Here 
we reported on water temperature and pH data of an 
Opisthotropis species for the first time, and recommend that 
future studies collect ecological data of Opisthotropis in the field, 
including the addition of more parameters such as flow speed of 
water, canopy coverage, humidity, and prey community 
structures. We recommend future studies to explore the 
ecology of this unique group of aquatic snakes and investigate 
the possible ecological speciation mechanisms of the group. 
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ABSTRACT 


We conducted four bird biodiversity surveys in the 
Putao area of northern Myanmar from 2015 to 2017. 
Combined with anecdotal information collected 
between 2012 and 2015, we recorded 319 bird 
species, including two species (Arborophila mandellii 
and Lanius sphenocercus) previously unrecorded in 
Myanmar. Bulbuls (Pycnonotidae), babblers (Timaliidae), 
pigeons and doves (Columbidae), and pheasants 
and  partridges (Phasianidae) were the most 
abundant groups of birds recorded. Species richness 
below 1 500 m a.s.l. was higher than species 
richness at higher elevations. Our results suggest 
that the current protected areas in this region should 
be expanded to lower elevations to cover critical 
conservation gaps. 


Keywords: Birds; Hponkan Razi; Hkakabo Razi; 
Surveys; Conservation; Myanmar 


INTRODUCTION 


The northern part of Myanmar’s Kachin State borders both 
China and India and lies in the Indo-Burma conservation 
hotspot (Myers et al., 2000). Although this area harbors rich 
biodiversity, conservation-related research in this region is 
lacking due to its steep topology, difficult transportation, and 
variable climate (Rao et al, 2010; Rappole et al., 2011). Since 
1990, one new species of mammal (Muntiacus putaoensis) 
(Rabinowitz et al., 1999) and several new subspecies of birds, 
such as Tesia olivea chiangmaiensis (Renner et al., 2008), 
have been described in this region. This indicates that there are 
still opportunities for new discovery and exploration and that 
more information is needed for future conservation plans. 
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Since the 1990s, several bird surveys had been carried out in 
the Putao area (Rappole et al, 2011). Under the leadership of 
the Nature and Wildlife Conservation Division (NWCD) of the 
Myanmar Forestry Ministry, two expeditions were launched in 
1997-1998 (Aung & Oo, 1999) and 2001-2009 (Rappole et al., 
2011), providing the most detailed inventory of local avian 
diversity thus far. 

Between December 2015 and May 2017, the Southeast Asia 
Biodiversity Research Institute, Chinese Academy of Sciences 
(CAS-SEABRI), Forest Research Institute (FRI) of Myanmar, 
Hponkan Razi Wildlife Sanctuary (HPWS), and Hkakabo Razi 
National Park (HKNP) jointly conducted four general biodiversity 
surveys in the Putao area of the northwest part of Kachin State, 
Myanmar. The survey region covered part of HPWS and the 
surrounding areas south and northeast of Putao (Figure 1). 
These surveys were conducted to acquire basic biodiversity 
distribution data for future conservation policy making. 

In this paper, we summarize the results of our four surveys as 
well as episodic observations of a local officer (Myint Kyaw, 
M.K.). The present research aimed to: (1) update the avian 
inventory of the study area; and (2) identify survey and 
conservation gaps in this region. 


MATERIALS AND METHODS 


Study area 
The survey area included the southern part of HPWS, one 
village south of Putao town, and areas northeast of Putao 
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surrounding HKNP (Figure 1). The total survey area was 
around 5 000 km“. Elevation in the area varies from 400 m a.s.l. 
at Putao to 5 881 m a.s.l. at the Hkakabo Razi Snow Mountain 
peak (Renner et al., 2007). Vegetation includes lowland tropical 
rainforest dominated by Dipterocarpaceae between 400 m a.s.l. 
and 600 m a.s.l., tropical seasonal rainforest dominated by 
Terminalia myriocarpa and Dysoxylum sp. from 600 m a.s.l. to 1 
200 m a.s.l., mountain tropical rainforest between 1 200 m a.s.l. 
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Figure 1 Survey area in Putao, Kachin, northern Myanmar 
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and 2 000 m a.s.l., subtropical evergreen broad-leaved forest 
dominated by Lauraceae and Fagaceae between 2 000 m a.s.l. 
and 2 600 m a.s.l., and bamboo-rhododendron habitats above 3 
000 m a.s.l. (Renner et al., 2007; Yun-Hong Tan, personal 
communication). The temperature varies from 2 *C to 36 *C. 
Annual precipitation ranges from 3 800-5 100 mm, with a 
cooler dry season from October to February and a rainy season 
from March to September (Robinowitz et al., 1999). 

E97*40'0" E98°0'0" 










GIS and satellite image data were downloaded from http: //glcf. umd. edu/data/, http: /Awww. diva-gis. org/, and http: //ngcc. sbsm. gov. cn/. 


Bird survey 
The surveyed habitats include cropland, small areas of riparian 
wetland (less than 10 count points), and the forest vegetation 
types mentioned above. Survey locations ranged from 400 m 
a.s.l. to 3 200 m a.s... We conducted field surveys from 29 
November 2015 to 4 January 2016; 23 April to 21 May 2016; 26 
November 2016 to 5 January 2017; and 28 April to 26 May 2017. 
Point counts and camera traps were combined to obtain bird 
diversity information. Points were situated along trails from 400 m 
a.s.l. to 3 200 m a.s.l.; each point was located at least 300 m 
from other points to ensure quasi-independence (Ralph et al., 
1995). We stayed at each point for 12 min, recorded all birds 
seen or heard within a 100-m radius. We used camera traps to 
detect ground-dwelling birds and used binoculars to detect all 
other birds. In total, we established 53 camera stations ranging 
from 700 m a.s.l. to 3 200 m a.s.l.. The distances between any 
two camera stations always exceeded 500 m. The cameras 
were installed in the field between December 2015 and May 
2016. The distribution of the point counts and camera traps 
were mapped out to show the sample effort at different 
elevations. In addition to systematic data obtained from point 
counts and camera traps, species observed during field trips 
were also recorded. The second author M.K., who works at 
HPWS and HKNP, is an experienced bird-watcher and collected 


anecdotal information and data through photography and direct 
observations between 2012 and 2015. 


RESULTS 


During the four surveys, we collected information from 304 
count points. Of the 53 cameras installed, one was stolen and 
one was broken. The remaining 51 cameras accumulated more 
than 7 500 working days of images. 

In total, 319 species were recorded, representing 72 families 
and 18 orders (Table 1), with one species listed as critically 
endangered, five species listed as vulnerable, and 13 species 
listed as near threatened in the IUCN Red List (IUCN, 2016). 
The percentage of birds of each family is shown in Figure 2. In 
terms of number of individuals recorded during the surveys, the 
most abundant families were Pycnonotidae (989 individuals), 
Leiothrichidae (850 individuals), and Columbidae (608 individuals). 
Several families recorded, such as Alaudidae, Artamidae, 
Indicatoridae, Psittacidae, Troglodytidae, and Upupidae, contained 
only one identified individual. The number of different species at 
different elevations is shown in Figure 3. The distributions of the 
point counts and camera traps at different elevations are shown 
in Figure 4. We observed 3 719 (8296) individuals from 215 
(6796) species under 1 500 m a.s.l.. Sampling effort was biased 
towards elevations below 1 500 m a.s.l.. 
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Table 1 Bird species observed in the Putao area of northern Myanmar from 2013 to 2017 


Species 
ACCIPITRIFORMES 
Accipitridae 
Accipiter nisus 
Accipiter trivirgatus 
Accipiter virgatus 
Aviceda jerdoni 
Aquila heliaca 
Buteo burmanicus 
Buteo japonicus 
Circus cyaneus 
Circus melanoleucos 
Gyps himalayensis 
Haliaeetus humilis 
Ictinaetus malaiensis 
Lophotriorchis kienerii 
Milvus migrans 
Nisaetus nipalensis 
Spilornis cheela 
ANSERIFORMES 
Anatidae 
Mergus merganser 
Tadorna ferruginea 
APODIFORMES 
Apodidae 
Cypsiurus balasiensis 
Hirundapus caudacutus 
Hirundapus giganteus 
BUCEROTIFORMES 
Bucerotidae 
Aceros nipalensis 
Buceros bicornis 
Rhyticeros undulatus 
Upupidae 
Upupa epops 
CAPRIMULGIFORMES 
Podargidae 
Batrachostomus hodgsoni 
CHARADRIIFORMES 
Jacanidae 
Actitis hypoleucos 
Calidris temminckii 


Gallinago gallinago 
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English name 


Eurasian Sparrowhawk 
Crested Goshawk 
Besra 

Jerdon's Baza 

Eastern Imperial Eagle 
Himalayan Buzzard 
Eastern Buzzard 

Hen Harrier 

Pied Harrier 
Himalayan Vulture 
Lesser Fish Eagle 
Black Eagle 
Rufous-bellied Hawk-Eagle 
Black Kite 

Mountain Hawk-Eagle 


Crested Serpent Eagle 


Common Merganser 


Ruddy Shelduck 


Asian Palm Swift 
White-throated Needletail 


Brown-backed Needletail 


Rufous-necked Hornbill 
Great Hornbill 
Wreathed Hornbill 


Common Hoopoe 


Hodgson's Frogmouth 


Common Sandpiper 
Temminck's Stint 


Common Snipe 


IUCN” 


LC 
LC 
LC 
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VU 
LC 
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LC 
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NT 
NT 
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LC 
LC 
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LC 
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VU 
NT 
LC 


LC 


LC 
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Species 
CHARADRIIFORMES 
Jacanidae 
Lymnocryptes minimus 
Scolopax rusticola 
Tringa ochropus 
Tringa stagnatilis 
Charadriidae 
Charadrius dubius 
Charadrius placidus 
Vanellus cinereus 
Vanellus duvaucelii 
Vanellus indicus 
Vanellus vanellus 
Ibidorhynchidae 
Ibidorhyncha struthersii 
Turnicidae 
Turnix suscitator 
CICONIIFORMES 
Ciconiidae 
Ciconia nigra 
COLUMBIFORMES 
Columbidae 
Chalcophaps indica 
Ducula aenea 
Ducula badia 
Macropygia unchall 
Spilopelia chinensis 
Streptopelia orientalis 
Streptopelia decaocto 
Treron apicauda 
Treron sphenurus 
CORACIIFORMES 
Alcedinidae 
Alcedo atthis 
Alcedo hercules 
Ceryle rudis 
Halcyon smyrnensis 
Megaceryle lugubris 
Meropidae 
Merops orientalis 


Nyctyornis athertoni 


English name 


Jack Snipe 
Eurasian Woodcock 
Green Sandpiper 
Marsh Sandpiper 


Little Ringed Plover 
Long-billed Plover 
Grey-headed Lapwing 
River Lapwing 
Red-wattled Lapwing 


Northern Lapwing 


Ibisbill 


Barred Buttonquail 


Black Stork 


Emerald Dove 

Green Imperial Pigeon 
Mountain Imperial Pigeon 
Barred Cuckoo-Dove 
Spotted Dove 

Oriental Turtle Dove 
Eurasian Collared Dove 
Pin-tailed Green Pigeon 


Wedge-tailed Green Pigeon 


Common Kingfisher 
Blyth's Kingfisher 

Pied Kingfisher 
White-throated Kingfisher 
Crested Kingfisher 


Green Bee-eater 


Blue-bearded Bee-eater 
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Species 
CUCULIFORMES 
Cuculidae 
Cacomantis merulinus 
Centropus bengalensis 
Clamator coromandus 
Cuculus canorus 
Cuculus micropterus 
Cuculus poliocephalus 
Hierococcyx sparverioides 
Surniculus dicruroides 
FALCONIFORMES 
Falconidae 
Falco severus 
Falco tinnunculus 
GALLIFORMES 
Phasianidae 
Arborophila atrogularis 
Arborophila mandellii 
Arborophila rufogularis 
Arborophila torqueola 
Gallus gallus 
Lophura leucomelanos 
Polyplectron bicalcaratum 
Tragopan blythii 
Tragopan temminckii 
GRUIFORMES 
Rallidae 
Amaurornis phoenicurus 
Gruidae 
Grus grus 
PELECANIFORMES 
Ardeidae 
Ardea insignis 
Ardeola bacchus 
Bubulcus Ibis 
Butorides striata 
Ixobrychus cinnamomeus 
PICIFORMES 
Megalaimidae 
Megalaima asiatica 
Megalaima australis 


Megalaima franklinii 


268 www.zoores.ac.cn 


English name 


Plaintive Cuckoo 

Lesser Coucal 
Chestnut-winged Cuckoo 
Common Cuckoo 

Indian Cuckoo 

Asian Lesser Cuckoo 
Large Hawk-Cuckoo 


Fork-tailed Drongo-Cuckoo 


Oriental Hobby 


Common Kestrel 


White-cheeked Partridge 
Chestnut-breasted Partridge 
Rufous-throated Partridge 
Common Hill Partridge 

Red Junglefowl 

Kalij Pheasant 

Grey Peacock Pheasant 
Blyth's Tragopan 


Temminck's Tragopan 


White-breasted Waterhen 


Common Crane 


White-bellied Heron 
Chinese Pond Heron 
Cattle Egret 

Striated Heron 


Cinnamon Bittern 


Blue-throated Barbet 
Blue-eared Barbet 


Golden-throated Barbet 
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Species 
PICIFORMES 
Megalaimidae 
Megalaima lineata 
Megalaima virens 
Picidae 
Blythipicus pyrrhotis 
Chrysophlegma flavinucha 
Dendrocopos canicapillus 
Dendrocopos cathpharius 
Dendrocopos darjellensis 
Dendrocopos hyperythrus 
Dendrocopos macei 
Jynx torquilla 
Picus chlorolophus 
Sasia ochracea 
PASSERIFORMES 
Cettiidae 
Abroscopus albogularis 
Abroscopus schisticeps 
Abroscopus superciliaris 
Cettia brunnifrons 
Cettia castaneocoronata 
Horornis fortipes 
Tesia cyaniventer 
Tesia olivea 
Sturnidae 
Acridotheres albocinctus 
Acridotheres tristis 
Agropsar sturninus 
Ampeliceps coronatus 
Gracula religiosa 
Sturnia malabarica 
Leiothrichidae 
Actinodura egertoni 
Actinodura waldeni 
Aegithalidae 
Aegithalos bonvaloti 
Aegithalos concinnus 
Nectariniidae 
Aethopyga ignicauda 
Aethopyga nipalensis 
Aethopyga saturata 


English name 


Lineated Barbet 


Great Barbet 


Bay Woodpecker 

Greater Yellownape 

Grey-capped Pygmy Woodpecker 
Crimson-breasted Woodpecker 
Darjeeling Woodpecker 
Rufous-bellied Woodpecker 
Fulvous-breasted Woodpecker 
Eurasian Wryneck 

Lesser Yellownape 


White-browed Piculet 


Rufous-faced Warbler 
Black-faced Warbler 
Yellow-bellied Warbler 
Grey-sided Bush Warbler 
Chestnut-headed Tesia 
Brownish-flanked Bush Warbler 
Grey-bellied Tesia 

Slaty-bellied Tesia 


Collared Myna 
Common Myna 
Purple-backed Starling 
Golden-crested Myna 
Hill Myna 
Chestnut-tailed Starling 


Rusty-fronted Barwing 


Streak-throated Barwing 


Black-browed Bushtit 
Black-throated Bushtit 


Fire-tailed Sunbird 
Green-tailed Sunbird 


Black-throated Sunbird 
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Species 
PASSERIFORMES 
Nectariniidae 
Aethopyga siparaja 
Arachnothera longirostra 
Arachnothera magna 
Chalcoparia singalensis 
Alaudidae 
Alauda gulgula 
Pellorneidae 
Alcippe castaneceps 
Alcippe cinerea 
Alcippe morrisonia 
Alcippe nipalensis 
Alcippe poioicephala 
Alcippe rufogularis 
Motacillidae 
Anthus hodgsoni 
Anthus richardi 
Anthus roseatus 
Anthus rufulus 
Motacilla alba 
Motacilla cinerea 
Motacilla citreola 
Artamidae 
Artamus fuscus 
Elachuridae 
Elachura formosa 
Muscicapidae 
Anthipes monileger 
Brachypteryx hyperythra 
Brachypteryx montana 
Chaimarrornis leucocephalus 
Copsychus saularis 
Cyornis banyumas 
Cyornis rubeculoides 
Cyornis tickelliae 
Enicurus leschenaulti 
Enicurus maculatus 
Enicurus schistaceus 
Enicurus scouleri 
Eumyias thalassinus 


Ficedula albicilla 
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English name 


Crimson Sunbird 

Little Spiderhunter 
Streaked Spiderhunter 
Ruby-cheeked Sunbird 


Oriental Skylark 


Rufous-winged Fulvetta 
Yellow-throated Fulvetta 
Grey-cheeked Fulvetta 
Nepal Fulvetta 
Brown-cheeked Fulvetta 


Rufous-throated Fulvetta 


Olive-backed Pipit 
Richard's Pipit 
Rosy Pipit 
Paddyfield Pipit 
White Wagtail 
Grey Wagtail 
Citrine Wagtail 


Ashy Woodswallow 


Spotted Wren-babbler 


White-gorgeted Flycatcher 
Rusty-bellied Shortwing 
White-browed Shortwing 
White-capped Water Redstart 
Oriental Magpie Robin 

Hill Blue Flycatcher 
Blue-throated Flycatcher 
Tickell's Thrush 
White-crowned Forktail 
Spotted Forktail 
Slaty-backed Forktail 

Little Forktail 

Verditer Flycatcher 

Taiga Flycatcher 
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Species 
PASSERIFORMES 
Muscicapidae 
Ficedula hyperythra 
Ficedula strophiata 
Ficedula superciliaris 
Luscinia svecica 
Monticola solitarius 
Muscicapa ferruginea 
Myiomela leucura 
Myophonus caeruleus 
Niltava grandis 
Niltava macgrigoriae 
Niltava sundara 
Phoenicurus auroreus 
Phoenicurus hodgsoni 
Rhyacornis fuliginosa 
Saxicola caprata 
Saxicola ferreus 
Saxicola torquatus 
Tarsiger hyperythrus 
Tarsiger indicus 
Campephagidae 
Coracina melaschistos 
Pericrocotus brevirostris 
Pericrocotus ethologus 
Pericrocotus roseus 
Pericrocotus solaris 
Pericrocotus speciosus 
Chloropseidae 
Chloropsis hardwickii 
Cinclidae 
Cinclus pallasii 
Cisticolidae 
Cisticola juncidis 
Orthotomus sutorius 
Prinia crinigera 
Prinia inornata 
Prinia rufescens 
Prinia superciliaris 
Corvidae 
Cissa chinensis 


Corvus macrorhynchos 


English name 


Snowy-browed Flycatcher 
Rufous-gorgeted Flycatcher 
Ultramarine Flycatcher 
Bluethroat 

Blue Rock Thrush 
Ferruginous Flycatcher 
White-tailed Robin 

Blue Whistling Thrush 
Large Niltava 

Small Niltava 
Rufous-bellied Niltava 
Daurian Redstart 
Hodgson's Redstart 
Plumbeous Water Redstart 
Pied Bushchat 

Grey Bushchat 

Siberian Stonechat 
Rufous-breasted Bush Robin 


White-browed Bush Robin 


Black-winged Cuckooshrike 
Short-billed Minivet 
Long-tailed Minivet 

Rosy Minivet 

Grey-chinned Minivet 


Scarlet Minivet 


Orange-bellied Leafbird 


Brown Dipper 


Zitting Cisticola 
Common Tailorbird 
Striated Prinia 
Plain Prinia 
Rufescent Prinia 


Hill Prinia 


Common Green Magpie 


Large-billed Crow 
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Species 
PASSERIFORMES 
Corvidae 
Dendrocitta formosae 
Dendrocitta frontalis 
Garrulus glandarius 
Urocissa flavirostris 
Dicaeidae 
Dicaeum minullum 
Dicruridae 
Dicrurus aeneus 
Dicrurus hottentottus 
Dicrurus leucophaeus 
Dicrurus macrocercus 
Dicrurus paradiseus 
Dicrurus remifer 
Emberizidae 
Emberiza pusilla 
Estrildidae 
Lonchura striata 
Eurylaimidae 
Psarisomus dalhousiae 
Serilophus lunatus 
Fringillidae 
Carpodacus erythrinus 
Procarduelis nipalensis 
Hirundinidae 
Hirundo rustica 
Riparia chinensis 
Indicatoridae 
Indicator xanthonotus 
Irenidae 
Irena puella 
Laniidae 
Lanius collurioides 
Lanius cristatus 
Lanius schach 
Lanius sphenocercus 
Lanius tephronotus 
Leiothrichidae 
Cutia nipalensis 
Garrulax caerulatus 


Garrulax leucolophus 
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English name 


Grey Treepie 
Collared Treepie 
Eurasian Jay 


Yellow-billed Blue Magpie 


Plain Flowerpecker 


Bronzed Drongo 

Hair-crested Drongo 

Ashy Drongo 

Black Drongo 

Greater Racket-tailed Drongo 


Lesser Racket-tailed Drongo 


Little Bunting 


White-rumped Munia 


Long-tailed Broadbill 


Silver-breasted Broadbill 


Common Rosefinch 


Dark-breasted Rosefinch 


Barn Swallow 


Asian Plain Martin 


Yellow-rumped Honeyguide 


Asian Fairy Bluebird 


Burmese Shrike 
Brown Shrike 
Long-tailed Shrike 
Chinese Grey Shrike 
Grey-backed Shrike 


Himalayan Cutia 
Grey-sided Laughingthrush 
White-crested Laughingthrush 
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Species 
PASSERIFORMES 
Leiothrichidae 
Garrulax monileger 
Garrulax pectoralis 
Garrulax ruficollis 
Garrulax rufogularis 
Garrulax striatus 
Garrulax nuchalis 
Heterophasia annectans 
Heterophasia picaoides 
Heterophasia pulchella 
Leiothrix argentauris 
Leiothrix lutea 
Minla cyanouroptera 
Minla ignotincta 
Minla strigula 
Trochalopteron affine 
Trochalopteron squamatum 
Trochalopteron subunicolor 
Liocichla phoenicea 
Locustellidae 
Megalurus palustris 
Monarchidae 
Hypothymis azurea 
Terpsiphone paradisi 
Oriolidae 
Oriolus traillii 
Paridae 
Machlolophus spilonotus 
Melanochlora sultanea 
Parus monticolus 
Periparus ater 
Periparus rubidiventris 
Passeridae 
Passer domesticus 
Passer montanus 
Passer rutilans 
Pellorneidae 
Gampsorhynchus rufulus 
Pellorneum albiventre 


Pellorneum ruficeps 


English name 


Lesser Necklaced Laughingthrush 
Greater Necklaced Laughingthrush 
Rufous-necked Laughingthrush 
Rufous-chinned Laughingthrush 
Striated Laughingthrush 
Chestnut-backed Laughingthrush 
Rufous-backed Sibia 

Long-tailed Sibia 

Beautiful Sibia 

Silver-eared Mesia 

Red-billed Leiothrix 

Blue-winged Minla 

Red-tailed Minla 

Bar-throated Minla 

Black-faced Laughingthrush 
Blue-winged Laughingthrush 
Scaly Laughingthrush 


Red-faced Liocichla 


Striated Grassbird 


Black-naped Monarch 


Indian Paradise Flycatcher@®) 


Maroon Oriole 


Yellow-cheeked Tit 
Sultan Tit 
Green-backed Tit 
Coal Tit 


Rufous-vented Tit 


House Sparrow 
Eurasian Tree Sparrow 


Russet Sparrow 


White-hooded Babbler 
Spot-throated Babbler 
Puff-throated Babbler 


IUCN* 


LC 
LC 
LC 
LC 
LC 
NT 
LC 
LC 
LC 
LC 
LC 
LC 
LC 
LC 
LC 
LC 
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Species 
PASSERIFORMES 
Phylloscopidae 
Phylloscopus cantator 
Phylloscopus claudiae 
Phylloscopus davisoni 
Phylloscopus fuscatus 
Phylloscopus maculipennis 
Phylloscopus reguloides 
Phylloscopus whistleri 
Seicercus affinis 
Seicercus burkii 
Seicercus castaniceps 
Seicercus poliogenys 
Seicercus tephrocephalus 
Pittidae 
Hydrornis nipalensis 
Pnoepygidae 
Pnoepyga pusilla 
Pycnonotidae 
Alophoixus flaveolus 
Alophoixus pallidus 
Hemixos flavala 
Hypsipetes leucocephalus 
lole propinqua 
Ixos mcclellandii 
Pycnonotus cafer 
Pycnonotus flaviventris 
Pycnonotus jocosus 
Pycnonotus striatus 
Rhipiduridae 
Rhipidura albicollis 
Sittidae 
Sitta cinnamoventris 
Sitta frontalis 
Sitta himalayensis 
Stenostiridae 
Chelidorhynx hypoxantha 
Culicicapa ceylonensis 
Strigidae 
Glaucidium brodiei 
Glaucidium cuculoides 


Otus spilocephalus 
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English name 


Yellow-vented Warbler 
Claudia's Leaf Warbler 
Davison's Leaf Warbler 
Dusky Warbler 
Ashy-throated Warbler 
Blyth's Leaf Warbler 
Whistler's Warbler 
White-spectacled Warbler 
Green-crowned Warbler 
Chestnut-crowned Warbler 
Grey-cheeked Warbler 


Grey-crowned Warbler 


Blue-naped Pitta 


Pygmy Wren-Babbler 


White-throated Bulbul 
Puff-throated Bulbul 
Ashy Bulbul 

Black Bulbul 
Grey-eyed Bulbul 
Mountain Bulbul 
Red-vented Bulbul 
Black-crested Bulbul 
Red-whiskered Bulbul 
Striated Bulbul 


White-throated Fantail 


Chestnut-bellied Nuthatch 
Velvet-fronted Nuthatch 
White-tailed Nuthatch 


Yellow-bellied Fantail 


Grey-headed Canary Flycatcher 


Collared Owlet 
Asian Barred Owlet 


Mountain Scops Owl 


IUCN“ Rappole et al. 2011** 
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CT 


Species 
PASSERIFORMES 
Sylviidae 


Chleuasicus 
atrosuperciliaris 


Lioparus chrysotis 
Psittiparus bakeri 
Psittiparus gularis 
Suthora poliotis 
Tephrodornithidae 
Hemipus picatus 
Timaliidae 

Pomatorhinus ferruginosus 
Pomatorhinus ochraceiceps 
Pomatorhinus ruficollis 
Stachyris roberti 
Stachyridopsis chrysaea 
Stachyridopsis ruficeps 
Stachyridopsis rufifrons 
Stachyris nigriceps 
Stachyris oglei 
Troglodytidae 
Troglodytes troglodytes 
Harpactes erythrocephalus 
Harpactes wardi 
Turdidae 

Cochoa viridis 

Turdus boulboul 
Zoothera mollissima 
Vireonidae 

Erpornis zantholeuca 
Pteruthius aeralatus 
Pteruthius aenobarbus 
Pteruthius melanotis 
Pteruthius xanthochlorus 
Zosteropidae 

Yuhina bakeri 

Yuhina castaniceps 
Yuhina flavicollis 

Yuhina gularis 

Yuhina nigrimenta 
Zosterops erythropleurus 


Zosterops palpebrosus 


English name 


Lesser Rufous-headed Parrotbill 


Golden-breasted Fulvetta 
Rufous-headed Parrotbill 
Grey-headed Parrotbill 
Grey-breasted Parrotbill 


Bar-winged Flycatcher-shrike 


Coral-billed Scimitar Babbler 
Red-billed Scimitar Babbler 
Streak-breasted Scimitar Babbler 
Chevron-breasted Babbler 
Golden Babbler 

Rufous-capped Babbler 
Rufous-fronted Babbler 
Grey-throated Babbler 
Snowy-throated Babbler 


Eurasian Wren 
Red-headed Trogon 
Ward's Trogon 


Green Cochoa 
Grey-winged Blackbird 
Plain-backed Thrush 


White-bellied Erpornis 
White-browed Shrike Babbler 
Chestnut-fronted Shrike Babbler 
Black-eared Shrike Babbler 
Green Shrike Babbler 


White-naped Yuhina 
Striated Yuhina 

Whiskered Yuhina 
Stripe-throated Yuhina 
Black-chinned Yuhina 
Chestnut-flanked White-eye 
Oriental White-eye 


IUCN* 
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Species 


English name 


Continued 


PSITTACIFORMES 
Psittacidae 
Psittacula finschii Grey-headed Parakeet 
SULIFORMES 

Phalacrocoracidae 


Phalacrocorax carbo Great Cormorant 


IUCN“ Rappole et al. 2011** Habitat*** Abundance**** Source***** 
NT V * An 
LC R +++ CP,An 


*LC: Least Concern; NT: Near Threatened; VU: Vulnerable; CR: Critically Endangered; NE: Not Evaluated.** “x” means the species was recorded in 
this study, but not in Rappole et al. (2011). *** Fo: Forest; V: Village; Fi: Field; R: River; G: Grassland. **** “+” means the number is between 1-10; “++” 
means the number is between 11—50; “+++” means the number is between 51—100; “++++” means the number is more than 100. ***** An: Anecdotal 


observation; CP: Counting point; CT: Camera trap. 
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Figure 2 Taxonomic families observed in the bird surveys 
Bars show the percentage and number of each family recorded. 


New record 

We observed three new bird records for northern Myanmar 
(Agropsar sturninus, Aviceda jerdoni, and Ampeliceps coronatus) 
and two new record species (Arborophila mandellii and Lanius 
sphenocercus) for Myanmar. 


Purple-backed Starling (Agropsar sturninus) 

One individual was photographed (Figure 5) by M.K. on 30 April 
2012 in Makung Ghang Station (E98? 16'56", N27°38'54") in the 
Hkakabo Razi direction. 
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Jerdon's Baza (Aviceda jerdoni) 

One individual was photographed by Z.X.L. (fifth author) on 5 
May 2016 around camp 2 at Hponyin Razi (E96°59'3", 
N27°36'10"). 


Golden-crested Myna (Ampeliceps coronatus) 
One individual was photographed by M.K. on 23 November 
2013 at Ziadam village (E97°5'56", N27°34'13"). 


Chestnut-breasted Partridge (Arborophila mandellii) 

One individual was photographed (Figure 6) by M.K. on 17 
November 2013. The bird was hunted by a local villager close 
to camp 1 at Hponyin Razi (E96°58'52", N27°36'21"). 
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Count points and camera traps (n) 


Figure 4 Distribution of count points in different elevations 


Chinese Grey Shrike (Lanius sphenocercus) 

One individual was photographed (Figure 7) by M.K. on 23 
November 2013 at Jobali village close to Putao town (E97°35’, 
N27°2'). It was identified by its large body size, black facial 
mask, grey nape and upperparts, white scapular, and white spot 
on the wings. 


DISCUSSION 


Because our data came from direct observations and 
camera trap photos, some species could be under sampled, 


particularly those living in shrub and canopy habitats. Our 
sampling effort was more intensive in lower elevations, 
partly because a larger proportion of the survey area 
occurred at lower elevations and partly because of easier 
transportation in the lowland plain. The overrepresentation 
of lower elevation habitats in our study could explain the low 
frequency of many bird families in our surveys. In the future, 
surveys should be conducted at higher elevations, 
especially in the mountains above 3 000 m a.s.l.. Although 
our sampling effort and checklist is incomplete, the present 
work provides preliminary data for local diversity research 
and conservation projects. 
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Figure 5 Photograph of Purple-backed Starling (Agropsar sturninus) (photo by Myint Kyaw) 





Figure 6 Photograph of Chestnut-breasted Partridge (Arborophila mandellii) (photo by Myint Kyaw) 


Rappole et al. (2011) conducted five bird surveys in a 10 000 
km“ area in the Hkakabo Razi region, mainly covering the east. 
While the present study area also lies within the same region, 
we focused on the western part of Putao. Furthermore, Rappole 
et al. (2011) set mist nets from 500-3 000 m a.s.., and 
recorded 413 species, of which 159 were not observed during 
our surveys. Of the 319 species recorded in the present 
research, 65 were not recorded by Rappole et al. (2011). The 
greatest difference in species occurred in the families 
Muscicapidae (n-7) and Accipitridae (n=6). This disparity 
between studies is likely explained by the different study areas 
sampled as well as the differences in methodology. Our 


278  www.zoores.ac.cn 


methodology was more suited for detecting certain species. For 
example, birds of prey (Accipitridae) can be more easily 
observed during point counts, and some cryptic species can be 
captured by camera trap. In our study, one Eurasian Woodcock 
(Scolopax rusticola) was captured by camera trap at 1 190 m 
a.s.l.. We believe future exploration of new survey routes and a 
combination of different survey methods will lead to the 
discovery of additional species not previously recorded here. 
The Chestnut-breasted Partridge was identified by its 
rufescent crown, white gorget, and chestnut breast. It was 
previously only known from Bhutan, Southeast Tibet, China, 
and Northeast India (McGowan et al., 2017). The Chinese Grey 


Shrike was previously recorded in eastern Mongolia to 
southeast Russia, northern China, and North and South Korean, 
also known to migrate to east and southeast China and Korea 
(Yosef & International Shrike Working Group, 2017). The finding 


of these species formerly unrecorded in the area not only 
increase two new species of birds for Myanmar, but also 
reiterates the high biodiversity in this region and highlights the 
importance of long-term field observations. 





Figure 7 Photograph of Chinese Grey Shrike (Lanius sphenocercus) (photo by Myint Kyaw) 


Based on our observations, the forest is in good condition. 
The Leiothrichidae, Columbidae, and Phasianidae species are 
forest-adapted, and their high abundance shows adequate food 
and resources for breeding in the local forest. Hornbills were 
observed almost every day around the camp sites at 1000-1 
500 m a.s.l. during winter, and gibbons (Hoolock spp.) were 
often heard from the camp sites below 2 000 m a.s.l.. The most 
abundant species observed belonged to Pycnonotidae, 
Leiothrichidae, Columbidae, and Phasianidae. The bulbuls 
(Pycnonotidae) are common birds living in tropical and 
subtropical areas, which can adapt to diverse habitats (Fishpool 
& Tobias, 2017). 

In addition to the forest, the local cropland also provides 
important habitat for many migrating species. Farmers in Putao 
plant large areas of rice in June-July and harvest it in October- 
November. The land is barren in other months of the year. 
These fallow lands provide important habitat for migrating bird 
species. M.K. observed more than 10 000 common cranes 
(Grus grus) migrating through Putao in March 2016, where they 
forage in the fallow rice paddies and wetlands by the Malika 
riverside. 

Figure 3 shows that both abundance and species richness 
were higher below 1 500 m a.s.l.. Species of high conservation 
value, (e.g., critically-endangered White-bellied Heron (Ardea 
insignis), vulnerable Rufous-necked Hornbill (Aceros nipalensis), 
and near-threatened Lesser Fish Eagle (Haliaeetus humilis)) 
were all recorded under 1 500 m a.s.l.. We also observed some 
birds with narrow ranges such as the Snowy-throated Babbler 
(Stachyris oglei) at lower elevations. Current protected area 


boundaries are set too high in minimal elevation (1 000 m a.s.l. 
for HPWS and 900 m a.s.l. for HKNP) and should be lowered to 
accommodate greater biodiversity, a conclusion also drawn by 
former researchers (Rabinowitz et al., 1999; Renner et al., 
2007). The Burmese government currently plans to extend 
these two protected areas to incorporate lower elevations, and 
is applying for World Heritage Site status for these two regions. 
This is an important decision with long-term benefits for local 
conservation. The HPWS forest connects to the Hukawng 
Valley extension in the west. Extending the current HPWS and 
HKNP borders will ensure the protection of the largest forest 
complex in northern Myanmar and will maintain intact habitat for 
important wildlife. 
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Myanmarorchestia victoria sp. nov. (Crustacea, 
Amphipoda, Talitridae), a new species of landhopper 
from the high altitude forests in Myanmar 
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ABSTRACT 


Myanmarorchestia victoria sp. nov. is described 
from high altitude habitats in Myanmar. The new 
species differs morphologically from its congeners 
by palp of maxilliped narrow; sexually dimorphic 
gnathopod |l, propodus of male chelate and 
propodus of female mitten-shaped; and dimorphic 
uropod ll, outer ramus of male with small teeth distally, 
outer ramus of female with three distal spines. 
Analysis of DNA barcode sequences and niche 


distinctiveness support recognition of the new species. 


Keywords: Taxonomy; Mt. Victoria; CO/ gene; Leaf 
litter; Morphology; New species 


INTRODUCTION 


The landhopper genus Myanmarorchestia Hou & Zhao (2017) 
currently includes two species, distributed in high altitude forests 
of Mt. Victoria, Myanmar. Myanmarorchestia species can be 
found in 3 000 m a.s.l. or higher, and show some vertical 
distribution patterns. For example, Myanmarorchestia peterjaegeri 
Hou & Zhao (2017) occurs above 2 000 m a.s.l., while M. seabri 
Hou & Zhao (2017) inhabits understorey leaf litter around 1 500 
m a.s.l. The genus Myanmarorchestia has the characteristic 
chelate, sexually dimorphic gnathopod Il, simplidactylate pereopods 
and complexly lobed gills to adapt to terrestrial environments. 

Mt. Victoria (Nat Ma Taung National Park) is situated between 
the Indian subcontinent and Asian continent, and harbours 
endemic montane species (Jager, 2015; Jager & Minn, 2015). 
From November 2016-April 2017, five field trips were 
organized by the Southeast Asia Biodiversity Research Institute 
(SABRI), Chinese Academy of Sciences (CAS), to explore the 
biodiversity of Myanmar. Following a detailed examination of 
the specimens, three Myanmarorchestia species were 
discovered from Mt. Victoria. Of the three Myanmarorchestia 
species, two species have been published (Hou & Zhao, 2017). 
In the current study, the third one, Myanmarorchestia victoria sp. 


Science Press 


nov., is described and illustrated. Moreover, DNA barcodes of 
the new species are obtained to confirm its distinctiveness. 


MATERIALS AND METHODS 


Sampling 

Fieldworks were conducted in Mt. Victoria, Chin State, 
Myanmar (Figure 1) from November-December 2016 and from 
April-May 2017. The specimens were collected by sieving 
forest floor litter. Samples were preserved in 9596 ethanol in the 
field, then deposited at —20 °C refrigerator for long preservation. 
Type specimens are lodged in the Institute of Zoology, Chinese 
Academy of Sciences (IZCAS), Beijing. 


Morphology observation 

The body length was recorded by holding the specimen straight 
and measuring the distance along the dorsal side of the body 
from the base of the first antenna to the base of the telson. All 
dissected appendages were mounted on slides according to the 
methods described by Holsinger (1967), and were drawn using 
a Leica DM2500 compound microscope equipped with a 
drawing tube. Terminology and taxonomic descriptions follow 
Morino (2014). The holotype specimen was used for 
morphological observation, while one paratype specimen was 
used for both morphological and molecular parts. 


DNA sequencing and COI genetic distance calculation 
DNA barcode of the mitochondrial cytochrome oxidase subunite 
| (COI) was amplified and sequenced to obtain the genetic 
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distances between morphologically similar species and 
confirm identifications (Hou et al., 2009; Suzuki et al., 2017). 
The primers used are CRUSTF2 (5-GGTTCTTCTCCACC 
AACCACAARGAYATHGG-3) and HCO2198 (5-TAAACTT 
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CAGGGTGA CCAAAAAATCA-3'). Genomic DNA extraction, 
amplification and sequencing procedures were performed as 
in Hou et al. (2007). The new sequence was deposited in 
GenBank. 
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Figure 1 Collection locality of Myanmarorchestia victoria sp. nov. from Myanmar (red circleztype locality) (photo by Jiang-Lang Wu) 


The CO! gene sequences were manually aligned, because 
no indels were observed. Genetic uncorrected p-distances 
among the known Myanmarorchestia taxa were calculated 
using MEGA7.0.16 (Kumar et al., 2016). 


TAXONOMY 


Family Talitridae Rafinesque (1815) 

Genus Myanmarorchestia Hou & Zhao (2017) 
Myanmarorchestia victoria Hou sp. nov. (Figures 1-7) 
Material examined: Holotype: male (IZCAS-I-A2087-1), 14 mm, 
near 17.5 km of the roadside between Kanpetlet to Nat Ma 
Taung National Park, Chin State, Myanmar (E93.94°, N21.22^), 
altitude 2 654 m a.s.l., collected by J. Wu and Z. Chen on April 
30, 2017. Paratype: female (IZCAS-I-A2087-2), 11 mm, same 
data as holotype, GenBank accession No. MF969263; 
paratypes, two males and one female (IZCAS-I-A2087-3). 
Etymology: The species name is derived from the type locality, 
noun in apposition. 

Diagnosis: The new species assigns to Myanmarorchestia on 
the basis of the following morphological characteristics: (1) simple 
gnathopod | in both sexes; (2) sexually dimorphic gnathopod Il, 
propodus of male chelate and produced on ventral margin, 
propodus of female  mitten-shaped; (3) simplidactylate 
pereopods IL VII; and (4) complexly lobed coxal gills. The new 
species is characterized by a combination of the following 
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morphological characteristics: (1) mandible spine row with four 
plumose setae; (2) maxilliped palp article 2 narrow, article 3 not 
lobate, article 4 distinct; (3) gnathopod | coxal plate not 
produced on anterior margin; (4) gnathopod |l strongly 
dimorphic, propodus of male produced, triangle-shaped, 
propodus of female mitten-shaped; (5) uropod Il sexually 
dimorphic, outer ramus of male weak, with small teeth distally; 
and (6) uropod III peduncle with one strong posterodistal spine. 


Description of holotype male (IZCAS-I-A2087-1), 14 mm 
Head: eyes rounded, medium in size, about 35% of head 
length (Figure 2A). 

Antenna | (Figure 2B): reaching 36% of antenna II, peduncle 
articles 1—3 in length ratio 1.0: 0.8: 1.2; flagellum with seven 
articles (six large ones and one tiny distal one), a little shorter 
than peduncle, each article with short distal setae. 

Antenna Il (Figure 2C): peduncle articles 3—5 in length ratio 
1.0: 1.7: 2.5, with setae on anterior and posterior margins; 
flagellum with 15 articles, each article with setae on dorsal and 
ventral margins. 

Upper lip (Figure 2D): ventral margin rounded, bearing 
minute setae. 

Mandible (Figures 2F, G): incisor of left mandible with five teeth; 
lacinia mobilis with four teeth; spine row with four plumose setae; 
molar with a plumose seta; incisor of right mandible with four 
teeth, lacinia mobilis bifurcate, with small teeth. 
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Figure 2 Myanmarorchestia victoria sp. nov., male holotype (IZCAS-1-A2087-1) 
A: Head; B: Antenna |; C: Antenna Il; D: Upper lip; E: Lower lip; F: Left mandible; G: Incisor of right mandible; H: Maxilla I; I: Maxilla II; J: Maxilliped. 
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Lower lip (Figure 2E): inner lobes indistinct, outer lobes 
covered with thin setae. 

Maxilla | (Figure 2H): inner plate with two terminal strong 
setae, outer plate with nine apical spines (three of them bifid), 
palp with one article. 

Maxilla II (Figure 21): inner plate narrower and shorter than 
outer plate, with one plumose seta and numerous simple setae 
on medial margin, outer plate with two rows of apical spines. 

Maxilliped (Figure 2J): inner plate, with one stout apical 
spine and 12 plumose setae; outer plate bearing eight simple 
setae and two plumose setae apically; palp with four articles, 
articles 1—2 not broad; articles 1—3 subequal in length ratio; 
articles 2—3 with fine setae; article 3 with two spines on 
interior margin, two setae on exterior margin and two setae on 
ventral surface; article 4 small but distinct, with two simple 
setae apically. 


Pereon 

Gnathopod I (Figures 3A, B): coxal plate broad, bearing seven 
setae on ventral margin; basis with short setae on anterior and 
posterior margins; merus, carpus, and propodus in length ratio 
1.0: 1.5: 1.1; merus bearing setae on posterior margin; carpus 
with setae on anterior and posterior margins; propodus simple, 
with setae on anterior margin and five spines accompanied by 
setae on posterior margin; dactylus with two spines on posterior 
margin and three setae at hinge of unguis. 

Gnathopod II (Figures 3C, D): coxal plate ventral margin with 
ten setae, posterior process prominent; basis with a fine seta on 
posterior margin; merus protuberant on posterior margin; 
carpus 1.7 times as long as wide, with tumescent hump at 
posterodistal corner; propodus with tumescence, subtriangular, 
with setae on surface, palm margin anteriorly slant, forming 
chela, with two rows of spines (a lateral and a medial one); 
dactylus as long as palm, with setae on posterior margin. 

Pereopod III (Figures 3E, l): coxal plate with posterior cusp, 
bearing eight setae on ventral margin; basis longest, with 
spines on anterior and posterior margins; merus, carpus, and 
propodus in length ratio 1.0: 0.8: 1.0; carpus and propodus with 
spines on posterior margins; dactylus with two spines at hinge 
of unguis. Pereopods III- VII simplidactylate. 

Pereopod IV (Figures 3F, J) similar but shorter than 
pereopod Ill; coxal plate with posterior cusp, bearing nine setae 
on ventral margin; merus, carpus, and propodus in length ratio 
1.0: 0.8: 1.1, dactylus weakly pinched. 

Pereopod V (Figures 3G, K): coxal plate bilobed, anterior lobe 
larger than posterior lobe, bearing five setae and two setae on 
anterior and posterior lobes, respectively; basis suboval, with 
four spines on anterior margin and eight setae on posterior 
margin, anterodistal corner with two spines; merus, carpus, and 
propodus in length ratio 1.0: 1.1: 1.5, with spines on both 
margins; dactylus with two spines at hinge of unguis. 

Pereopod VI (Figures 3H, L): coxal plate bilobed, anterior 
lobe much smaller than posterior lobe, bearing one seta on 
anterior lobe and two setae on posterior lobe; basis suboval, 
with six spines on anterior margin and seven setae on posterior 
margin, anterodistal corner with two spines; merus, carpus, and 
propodus in length ratio 1.0: 1.3: 1.7, with spines on both 
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margins; propodus and dactylus slender, dactylus with two 
spines at hinge of unguis. 

Pereopod VII (Figures 4A, B): coxal plate unilobate, shallow, 
with five setae on posterodistal margin; basis oval, with five 
setae on anterior margin and 12 setae on posterior margin, 
anterodistal corner with two spines; merus, carpus, and 
propodus in length ratio 1.0: 1.3: 1.6, with spines on both 
margins; propodus and dactylus slender, dactylus with two 
spines at hinge of unguis. 

Coxal gills (Figures 3C, E-H): present on gnathopod II and 
pereopods INL complexly lobed and convoluted; gill of 
gnathopod ll broad, with ridged margin; gills of pereopods 1II—VI 
sac-shaped. 


Pleon 

Epimeral plates (Figures 4C—E): acuminate posterodistally, 
distal margins without armature; plate | with four fine setae on 
posterior margin; plate Il with two fine setae on posterior margin; 
plate III with two fine setae on posterior margin. 

Pleopods l-Il| (Figures 4F—H): similar, peduncle with two 
retinacula on interior margin, exterior margin with dense 
plumose setae; outer ramus about 85% of peduncle, outer 
ramus about 7096 of inner ramus, both inner and outer rami 
fringed with plumose setae. 


Urosome 
Uropods I-II (Figures 4I-K): uropod | peduncle longer than 
rami, with three spines on interior margin and three spines on 
exterior margin, distolateral spine longer than subdistal one; 
inner ramus with four spines on interior side and four terminal 
spines; outer ramus marginally bare, with three terminal spines. 
Uropod II short, peduncle bearing one spine on interior margin 
and six spines on exterior margin; inner ramus with three spines 
on interior side and five terminal spines; outer ramus weak, 
shorter than inner ramus, with one spine on interior side and 
some small teeth distally (we have examined all three males to 
confirm this unique state). Uropod lll peduncle expanded, with 
one seta on dorsal margin and one strong posterodistal spine; 
ramus short, about 0.5 times as long as peduncle, with one 
long slender spine and one short spine apically. 

Telson (Figure 4L): apically notched, about 7% of depth; each 
lobe with one apical spine. 


Description of paratype female (IZCAS-I-A2087-2), 11 mm 
Head (Figures 5A-1): similar to that of male except Antenna llI 
peduncle articles 3—5 in length ratio 1.0: 2.0: 3.2; Maxilliped 
inner plate with three or four apical spines. 


Pereon 

Gnathopod 1 (Figures 6A, B): propodus with interlocking setae 
for dactylus. 

Gnathopod Il (Figures 6C, D): coxal plate ventral margin with 
seven setae; basis slender; merus protuberant on posterior 
margin; carpus with tumescent hump at posterodistal comer, 
with two setae on anterior margin; propodus mitten-shaped, 
with tumescence, with setae on surface and palm margin; 
dactylus shorter than palm margin. 





Figure 3 Myanmarorchestia victoria sp. nov., male holotype (IZCAS-I-A2087-1) 
A: Gnathopod |; B: Dactylus of gnathopod |; C: Gnathopod Il; D: Propodus of gnathopod ll; E: Pereopod Ill; F: Pereopod IV; G: Pereopod V; H: 
Pereopod VI; I: Dactylus of pereopod III; J: Dactylus of pereopod IV; K: Dactylus of pereopod V; L: Dactylus of pereopod VI. 
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Figure 5 Myanmarorchestia victoria sp. nov., female paratype (IZCAS-1-A2087-2) 
A: Head; B: Antenna |; C: Antenna Il; D: Upper lip; E: Lower lip; F: Left mandible; G: Maxilla l; H: Maxilla II; I: Maxilliped. 


Pereopoas III-VII (Figures 6E-L, 7A, B): similar to those of male. 

Coxal gills (Figures 6C, E-H): present on gnathopod II and 
pereopods INL complexly lobed and convoluted; gill of 
gnathopod ll broad, with marginal filamentous projections; gill of 
pereopod Ill and IV similar, lobed and convoluted, with weakly 
ridged margins; gill of pereopod V with ridged margin; gill of 
pereopod VI smallest. 

Oostegites (Figures 6C, E, F): present on gnathopod ll and 
pereopods llI-IV, slender, with setae on apical margins; 
oostegite of pereopod V missing. 


Pleon 

Epimeral plates (Figures 7C—E): acuminate posterodistally, 
ventral margins without armature; posterior margins with two 
fine setae. 

Pleopods I-II (Figures 7F—H): similar, peduncle with two 
retinacula on interior margin, exterior margin with dense 
plumose setae; outer ramus about 8696 of peduncle, outer 
ramus about 76% of inner ramus, both inner and outer rami 
fringed with plumose setae. 
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Figure 6 Myanmarorchestia victoria sp. nov., female paratype (IZCAS-I-A2087-2) 
A: Gnathopod |; B: Dactylus of gnathopod |; C: Gnathopod II; D: Propodus of gnathopod ll; E: Pereopod Ill; F: Pereopod IV; G: Pereopod V; H: 
Pereopod VI; I: Dactylus of pereopod Ill; J: Dactylus of pereopod IV; K: Dactylus of pereopod V; L: Dactylus of pereopod VI. 
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Figure 7 Myanmarorchestia victoria sp. nov., female paratype (IZCAS-I-A2087-2) 
A: Pereopod VII; B: Dactylus of pereopod VII; C: Epimeral plate l; D: Epimeral plate Il; E: Epimeral plate Ill; F: Pleopod |; G: Pleopod Il; H: Pleopod 


Ill; I: Uropod |; J: Uropod II; K: Uropod III; L: Telson. 
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Urosome 
Uropods I-II (Figures CR uropod | (Figure 71) peduncle 
longer than rami, with four spines on interior margin and five 
spines on exterior margin, distolateral spine distinct, longer than 
subdistal one; inner ramus with four spines on interior side and 
five terminal spines; outer ramus marginally bare, with four 
terminal spines. Uropod ll (Figure 7J) short, peduncle bearing 
one spine on interior margin and six spines on exterior margin; 
inner ramus with four spines on interior side and five terminal 
spines; outer ramus shorter than inner ramus, with three 
terminal spines. Uropod III (Figure 7K) peduncle expanded, with 
one simple spine on dorsal margin and one strong spine on 
posterodistal corner; ramus short, about 0.3 times as long as 
peduncle, with one long slender spine and one short spine apically. 
Telson (Figure 7L): apically notched, about 596 of depth; each 
lobe with one apical spine. 


Habitat: This species was collected from a disturbed primary 
forest, with bamboo and understorey leaf litter, with altitude 
2 654 m a.s.l. in Mt. Victoria. 


Remarks: Myanmarorchestia victoria sp. nov. is most similar to 
M. seabri in maxilla | palp with one article, coxal gills convoluted, 
uropod ll sexually dimorphic, and telson bare on surface. The 
new species can be distinguished from M. seabri by the 
following characters (M. seabri in parentheses): (1) maxilliped 
palp article 2 narrow (broad); (2) gnathopod | coxal plate not 
produced on anterior margin (produced proximally); (3) coxal 
gils of pereopods IV-V lobed and convoluted, with no 
filamentous projections (with ridged margins and filamentous 
projections); and (4) uropod lll peduncle with one strong 
posterodistal spine (two posterodistal spines). 

Myanmarorchestia victoria sp. nov. can be distinguished 
from M. peterjaegeri by the following characters (M. 
peterjaegeri in parentheses): (1) palp of maxilla | with one 
article (with two small articles); (2) maxilliped palp article 2 
narrow (broad); (3) coxal gills lobed and convoluted, with no 
filamentous projections (with more filamentous projections); and 
(4) uropod Il sexually dimorphic, outer ramus of male weak, 
with small teeth distally (similar for male and female, with three 
or four terminal spines). Distinguishing features of 
Myanmarorchestia species can be found in the key below. 

The uncorrected p-distance among the three Myanmarorchestia 
species ranged from 14.8%—18.8% for COI gene. The new 
species differed from M. peterjaegeri and M. seabri by 17.596 
and 14.896, respectively. High genetic diversity between the 
new species and the other species suggests it could be a new 
species, in comparison with previous molecular threshold (1696) 
used for crustacean species delimitation (Hou & Li, 2010; 
Lefébure et al., 2006). 

In addition, the new species of M. victoria is located higher 
elevation at 2 654 m a.s.l. than M. peterjaegeri at 2 150 m a.s.l. 
and M. seabri at 1 585 m a.s.l., with up to 500 a.s.l.m elevation 
difference. According to their weak dispersal potential, the 
vertical barrier may have promoted the speciation events of the 
genus Myanmarorchestia. 
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Numerous differences in morphology, barcode sequences 
and niches give support to recognizing the new species. 
Accordingly, the exploration of biodiversity of Myanmar is 
necessary in the future. 


Key to the species of Myanmarorchestia 
1 Coxal gills with filamentous projections, uropod II similar in 


DOll'1-S8X85 c: sanas muso M. peterjaegeri Hou, 2017 
— Coxal gills with few filamentous projections, uropod Il 

sexually dimorphic ..................................sssssssesssesssssssssesesenenennos 2 
2 Maxilliped palp article 2 broad.................. M. seabri Hou, 2017 
— Maxilliped palp article 2 narrow.................. M. victoria sp. nov. 
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ABSTRACT 


A new species of the sisorid catfish genus Exostoma 
Blyth, 1860 was collected from two hill-stream 
tributaries of the Nujiang (Salween River) drainage 
in Gaoligong Mountain, south-western Yunnan 
Province, China from 2003 to 2006 and from two 
tributaries of the Salween River in Cangyuan County, 
Lingcang Prefecture, Yunnan Province, China (in 
2007) and in Yongde County, Lingcang Prefecture, 
Yunnan Province, China (in 2015). Exostoma 
gaoligongense sp. nov. is the 10th species of the 
genus and is most similar to E. vinciguerrae in 
morphology but can be distinguished by pelvic fin 
reaching anus vs. not reaching; maxillary barbels 
just reaching or slightly surpassing pectoral-fin origin 
vs. surpassing pectoral-fin origin or even reaching 
posterior end of gill membrane; abdominal vertebrae 
23-25 vs. 25-27; length of dorsal fin/dorsal to 
adipose distance 90.3%—287.0% vs. 59.2-85.7. A 
key to Exostoma spp. is provided. 


Keywords: (Glyptosterninae; Sisoridae; 


Gaoligong Mountain; Yunnan 


Nujiang; 


INTRODUCTION 


The Sisoridae is the largest family of Asian catfish, with more 
than 200 species and 22 genera (Ferraris, 2007; Ng, 2015). 
Members are found along the entire southern arc of the Asian 
continent and comprise a significant portion of the hill-stream 
fauna in southern and eastern Asia (Ng & Jiang, 2015). Recent 
morphological (Ng, 2015) and molecular research (Ng & Jiang, 
2015) reconstructed the monophyly of Sisoridae and divided it 
into Sisorinae and  Glyptosterninae subfamilies. The 
Glyptosterninae is well-supported as a monophyletic group with 
15 synapomorphies, within which Exostoma is monophyletic 
and considered to be a sister group of Pseudexostoma and 
Oreoglanis, with 11 synapomorphies (Ng, 2015), or a sister 
group of Glyptosternon (Ng & Jiang, 2015). 


Science Press 


Exostoma Blyth, 1860 is a genus of the subfamily 
Glyptosterninae with nine species occurring in the Brahmaputra, 
Chao Phraya, Irrawaddy and Salween River drainages in China, 
India, Myanmar (=Burma) and Thailand (Chu et al., 1990; Hora 
& Silas, 1952; Lalramliana et al., 2015; Ng & Vidthayanon, 2014; 
Tamang et al., 2015; Vishwanath & Joyshree, 2007; Wu & Wu, 
1992). The genus is diagnosed by: continuous post-labial 
groove; gill openings not extending onto venter; homodont 
dentition; oar-shaped, distally flattened teeth in both jaws; tooth 
patches separated in upper jaw; 10—11 branched pectoral rays 
(Thomson & Page, 2006). 

The broadest taxonomic treatment of the genus Exostoma 
along with related genera was that of Hora & Silas (1952). At 
that time there were 14 nominal species of Exostoma, most of 
which are included in other genera now, and of the 14, five 
nominal species belong in the genus Exostoma: E. berdmorei 
Blyth, 1860 (type-species), E. labiatum (McClelland, 1842), E. 
stuarti (Hora, 1923), E. chaudhurii (Hora, 1923), and E. 
vinciguerrae Regan, 1905. Exostoma . chaudhurii was 
considered a junior synonym of E. vinciguerrae by Norman 
(1925) and followed by Thomson & Page (2006) and others. 
Later, five new species were described: E. barakensis 
Vishwanath & Joyshree 2007; E. effrenum Ng & Vidthayanon 
2014; E. peregrinator Ng & Vidthayanon 2014; E. sawmteai 
Lalramliana, Lalronunga, Lalnuntluanga & Ng 2015; E. 
tenuicaudata Tamang, Sinha & Gurumayum 2015. The name 
Exostoma barakensis was formed incorrectly and should be 
spelled E. barakense (an adjective based on the Barak River; 
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see Etymology of the new species below). There are two 
nominal species recorded in China: E. labiatum from upper 
Brahmaputra and Irrawaddy drainages (Chu & Mo, 1999), and 
E. vinciguerrae from lrrawaddy drainage (Zhu, 1995). The 
records in China are considered as the same species under the 
name of either E. labiatum (Chu et al., 1990; Chu & Mo, 1999; 
Chen, 2013) or E. vinciguerrae (Zhu, 1995). 

On 7 October 2003, the authors collected some sisorid 
catfish, representing an undescribed species, from a hill-stream 
tributary of the Nujiang (=upper Salween River) in Gaoligongshan 
National Nature Reserve. Additional specimens were captured 
in the same stream on 25 April 2004 and 6 May 2006, and an 
adjacent stream on 8 May 2006. Specimens obtained from 
Xinya River, a tributary of Nanting River on 16 February 2007 
and Nanzha River, a tributary of Nangun River on 9 February 
2015 were considered as the same species. We provide a 
description of the new species and compare it to other 
Exostoma spp. 


MATERIALS AND METHODS 


Fishes were collected with an electroshocker or purchased from 
local fishermen, fixed in 10% formalin, and transferred to 75% 
ethanol for long-term storage, or fixed in 75%—100% ethanol. 
Measurements were made point to point with digital calipers 
and recorded to 0.1 mm. Counts and measurements of paired 
structures were made on the left side of specimens, except 
counts of pectoral-fin rays were on both sides when available. 
Counts and measurements followed Hubbs & Lagler (1958) 
and Ng & Kottelat (1999). Vertebral counts were made from 
radiographs following the methods of Roberts & Ferraris 
(1998). Morphology of teeth on jaws follows Steinitz (1961). 
Fishes were cataloged in the Kunming Natural History 
Museum of Zoology, the Kunming Institute of Zoology, the 
Chinese Academy of Sciences, Kunming, Yunnan, China (KIZ) 
and in the California Academy of Sciences, San Francisco, 
California, USA (CAS). Symbolic codes for institutions are 
those given by Leviton et al. (1985). Some comparative 
specimens were kept in the Southeast Asia Biodiversity 
Research Institute (SEABRI), Chinese Academy of Sciences, 
Nay Pyi Taw, Myanmar. 


RESULTS 


Exostoma gaoligongense sp. nov. 
Figures 1, 2 


English common name: Gaoligong mountain catfish 
Chinese common name: Gao Li Gong Yan (28 vrfiz) 





























Holotype: KIZ 200310738 (0699), 65.5 mm SL, Manggang 
River (72 di", N25916'38.3”, E98*48'03.6", 1 270 m a.s.l.), a 
tributary of Nujiang (=Salween River), Baihualing Village, 
Mangkuang Township, Baoshan City, Yunnan Province, China, 
/ October 2003, collected by David Catania, William J. Poly, 
Xiao-Yong Chen, Jing-Hui Chen, et al. 
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Figure 1 Holotype of Exostoma gaoligongense sp. nov. (KIZ 
200310738); lateral (top), dorsal (middle), and ventral (bottom) 
views (photos by Xiao-Yong Chen) 





Figure 2 Radiograph of Exostoma gaoligongense sp. nov. (paratype 
CAS 220955) (rotated horizontally) 


Paratypes: KIZ 200310737 (0698), 200310740 (0700), CAS 
220955 (ex KIZ 200310739), 3 ex., 57.0-74.5 mm SL, collected 
with the holotype. KIZ 20040425001 (05239), 20040425002 
(05240) 20040425003 (05241), 20040425004 (05242), 
20040425008 (05244), CAS uncat. (05237, 05238, 05243), 8 
ex., collected at the type locality, 25 April 2004, collected by 
Xiao-Yong Chen, Jian Yang, Fei Wu, Jing-Hui Chen. KIZ 
DANO6-107 (07371—07376), 6 ex., 64.1—76.3 mm SL, collected 
at Manggang River, 6 May 2006, collected by David Neely, 
Xiao-Yong Chen, Xiao-Fu Pan, Yan-Fei Huang, Rui Min. KIZ 
DANO06-110 (M1-M6, 07384) 7 ex, 55.8-77.3 mm SL, 
collected at Tangxi River (22 Jm N25918'25.7", E98°48'37.3", 
1 143 m asl. a tributary of Nujiang, Baihualing Village, 
Mangkuang Township, Baoshan City, Yunnan Province, China, 
8 May 2006, collected by David Neely, Xiao-Yong Chen, Xiao- 
Fu Pan, Yan-Fei Huang, Rui Min. 


Non-types: 3 juveniles (KIZ uncat.), 33.8-39.0 mm SL, 
collected with the holotype on 7 October 2003; KIZ DANO6— 
107 (07377, 7), 50.7—76.9 mm SL, collected at Manggang River 
on 6 May 2006; KIZ DANO6-110 (77 uncat.), 36.6-66.6 mm SL, 
collected at Tangxi River on 8 May 2006; KIZ 20070012, 14, 15, 


n=21, 3 ex., 50.0-61.0 mm SL, collected at Xinya River (9r FY], 
N23°16'26.10", E99°07'34.01", 823 m a.s.l.), a tributary of 
Salween, Cangyuan County, Lingcang Prefecture, Yunnan 
Province, China, 16 February 2007, collected by De-Ping 
Kong. KIZ 2015001065, 66, 68-70, 74, n=10, 6 ex., 48.1— 
54.1 mm SL, collected at Nanzha River ( Bj PE AJ, 
N23°45'37.44", E99*19'0.84", 790 m a.s.l.), a tributary of 
Salween, Junsai Township, Yongde County, Lingcang Prefecture, 
Yunnan Province, China, 9 February 2015, collected by Jun- 
Xing Yang. 


Diagnosis: Adipose fin confluent with caudal fin, caudal fin 
emarginate, pectoral fin extending to vicinity of dorsal-fin origin, 
pelvic fin reaching anus, gill opening extending to ventral 
surface of the body, nasal barbels reaching or surpassing 
anterior edge of eye, maxillary barbels just reaching or slightly 
surpassing pectoral-fin origin, branched pectoral-fin rays 9-11, 
abdominal vertebrae 23-25, snout length 39.7%—53.3% HL, 
length of dorsal-fin base 8.3%—-12.1% SL, length of anal fin 
13.196—15.896 SL, length of adipose-fin base 31.7%—45.2% SL, 
caudal-peduncle length 18.896—22.39e SL, caudal-peduncle 
depth 7.396—10.896 SL, body depth at anus 11.396—16.996 SL, 
interorbital width 27.5%—35.1% HL, length of dorsal fin/dorsal to 
adipose distance 90.3%—287.0%, anal to caudal distance/pelvic 
to anal distance 88.2%-—116.7%. 


Description: Morphometric and meristic data are given in Table 
1. Head and body slightly rounded and depressed. Head 
medium size, with minute papillae scattered on dorsal and 
lateral surfaces and on maxillaries. Snout blunt and depressed. 


Rostral cap with non-prominent groove in middle of anterior 
edge, turning to pelvic side and forming prominent preoral 
groove with papilae on surface. Mouth inferior, opening 
transversely. Tooth bands on upper and lower jaws visible when 
mouth in normal position or when made to close. Premaxillary 
with two semicircular-shaped tooth bands, contacting at 
posteromedial margins. Dentary with two distinctly separate 
tooth bands. Oar-shaped teeth prominent on both jaws, and 
pointed conical small teeth along the posterior borders of the 
teeth patches. Lower lip thin, flat, split into two big lateral lobes 
and two small median lobes by notches, posterior margin 
without fimbriate projections. Postlabial groove on lower jaw 
present, not interrupted in middle. Middle lobe of upper lip with 
papillae. Pelvic side of rostral barbel and lateral lobe of lower lip 
with feather-like wrinkles. Anterolateral portion of lateral lobe of 
lower lip connected with maxillary barbel through a membrane. 
Eyes tiny, subcutaneous, on dorsal side of head. Distance from 
posterior edge of eye to upper corner of gill opening almost 
equal to distance from posterior edge of eye to posterior edge 
of anterior nostril. Four pairs of flattened barbels. Nasal barbels 
long, in mid-point from anterior edge of eye to snout tip, tips 
reaching middle of or surpassing posterior edge of eye. 
Maxillary barbels broadly connected to lower part of head by 
fold of skin, tips just reaching or slightly surpassing pectoral-fin 
base. Mandibular barbels, two pairs. Outer mandibular barbels 
with rough surface, situated on underside of head, bases 
covered by lower lip, projecting laterally, longer than inner pair. 
Inner mandibular barbels short, in notches along posterior 
margin of lower lip. Upper corner of gill opening level to ventral 
side of eye, lower corner extending to ventral side of pectoral fin. 


Table 1 Meristic and morphometric characters of Exostoma gaoligongense sp. nov. (n=25) 


Range Mean SD 


l5 
LD 
i,5 
LA 


(n= 6), 10 (n= 11), 11 (n= 8) 


849-17 (n=24), 8+8=16 (n=1) 
23-25415—17-39-42 (n= 25) 


Characters Holotype 
Dorsal-fin rays LN 
Pectoral-fin rays i,11 
Pelvic-fin rays i,5 
Anal-fin rays LA 
Principal caudal-fin rays (upper+lower=total) 819-17 
Vertebrae 

Total length 79.4 
Standard length (SL) 65.5 
Head length (HL) 13.4 
Percentage of SL (%) 

Body depth 18.3 
Body depth at anus 16.2 
HL 20.5 
Head depth 13.6 
Predorsal length 40.8 
Preventral length 44.9 
Preanal length 72.2 
Caudal-peduncle length 21.5 


50.2-91.6 76.3 10.7 
41.4-77.3 63.5 9.1 
9.3-15.0 13.3 1.4 
13.0-19.2 16.6 1.6 
11.3-16.9 14.2 1.6 
18.7-23.9 21.0 1.3 
9.4-13.9 12.4 11 
28.6-43.3 39.1 2.9 
36.6-49.1 45.3 2.5 
64.7—75.1 72.4 2.0 
18.8-22.3 20.8 0.8 
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Characters Holotype 
Caudal-peduncle depth 10.8 
Length of dorsal-fin base 11.3 
Length of adipose-fin base 36.5 
Length of anal-fin base 6.6 
Dorsal to adipose distance 15.7 
Length of dorsal fin 18.3 
Length of anal fin 14.0 
Length of pectoral fin 24.1 
Length of pelvic fin 18.9 
Length of caudal fin 21.1 
Pectoral to pelvic distance 28.1 
Pelvic to anal distance 27.3 


Percentage of HL (%) 


Snout length 46.3 
Head width 102.2 
Head depth 66.4 
Eye diameter 11.9 
Mouth width 44.8 
Interorbital width 35.1 
Caudal-peduncle length/depth 2.0 
Length of dorsal fin/dorsal to adipose distance (%) 116.5 
Length of pectoral fin/pectoral to pelvic distance (%) 85.7 
Length of pelvic fin/pelvic to anal distance (%) 69.3 
Length of anal fin/anal to caudal distance (%) 50.0 
Pectoral to pelvic distance/pelvic to anal distance (%) 103.0 
Anal to caudal distance/pelvic to anal distance (%) 102.8 


Predorsal part of body rounded and deep, back slightly 
convex, abdomen flat, smooth, without papillae, gradually 
compressed posteriorly. Pectoral fin round, first ray broad, 
flattened with numerous plicae on ventral surface, tip of fin 
nearly reaching to, reaching to, or extending beyond dorsal-fin 
origin. Dorsal fin without spine, distal margin truncate, its origin 
above tip of pectoral fin. Predorsal length greater than distance 
from dorsal-fin origin to adipose-fin origin. Tip of depressed 
dorsal fin not reaching adipose-fin origin. Adipose fin long, its 
origin above or slightly anterior of anus, confluent with caudal 
fin. Pelvic-fin origin under fourth branched dorsal ray, its tip 
sometimes reaching anus, first ray broad, flattened with 
numerous plicae on ventral surface. Anus and urogenital 
opening about two-thirds distance from pelvic-fin insertion to 
anal-fin origin. Anal fin distal margin rounded slightly. Distance 
from anal-fin origin to caudal-fin base almost equal to distance 
from anal-fin origin to pelvic-fin origin. Caudal fin emarginate, 
lower lobe slightly longer than upper lobe. Lateral-line complete, 
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Continued 


Range Mean SD 
7.3-10.8 9.2 1.0 
8.3-12.1 10.1 1.0 
31.7—45.2 37.0 3.6 
4.1-7.3 6.0 0.7 
6.3-18.6 14.0 9:3 
15.3-19.8 17.8 1.3 
13.1-15.8 14.5 0.9 
21.9-25.9 24.1 1.2 
16.9-20.4 19.0 0.9 
18.3-23.0 20.6 1.3 
26.9—31.6 29.7 1.2 
23.3-29.4 27.1 1.8 
39.7—53.3 47.3 3.9 
91.3-112.4 100.5 5.2 
49.8—66.4 58.8 4.2 
11.0-16.9 13.6 1.6 
37.9—53.9 46.2 5.1 
27.5-35.1 30.8 2.0 
1.9-2.8 2.3 0.3 
90.3—287.0 136.8 46.6 
73.4—96.3 81.3 4.7 
58.6-83.1 70.6 6.2 
49.6-62.5 54.3 3.5 
92.7-134.7 110.3 10.9 
88.2-116.7 99.3 8.3 


originating at upper corner of gill opening, arching slightly 
upward above pectoral-fin base, sloping downward until pelvic- 
fin origin (on holotype), then curving upward slightly pelvic-fin 
base (on holotype), thereafter straight on midline of body and of 
caudal peduncle. 


Coloration of live and preserved specimens: Head and back 
gray. Gill membrane transparent. Body gray above lateral-line, 
lighter below lateral-line lighter on caudal peduncle, abdomen 
yellowish. Non-prominent black stripe along dorsal mid-line and 
lateral-line. Dorsal-fin membrane yellow and rays light gray. 
Adipose fin dark gray at base, transparent and yellowish in the 
margin. Pectoral-fin and pelvic-fin bases darker, fin rays yellow 
and transparent at the edge. Unbranched dorsal-fin and anal-fin 
rays grayish. Caudal-peduncle base black, posterior margin of 
the black blotch concave, middle part of caudal fin yellow, distal 
part dark gray. Margin of upper and lower lobes gray. The 
grayish coloration of live specimens changes to brownish tones 


after preservation. 


Allometry: Juveniles smaller than 39.0 mm SL have a more 
depressed head; smaller eye, eye diameter 6.7%—8.2% HL vs. 
11.096—14.396, interorbital width 4.5—4.8 times of eye diameter 
vs. 2.1-2.9; bigger head, head width much larger than body 
width vs. head width almost equal to body width; longer 
adipose-fin base and origin of adipose fin more anterior, 
consequently distance between dorsal fin and adipose fin is 
shorter; longer pectoral fin, its tip surpasses dorsal-fin origin; 
slender caudal peduncle, caudal-peduncle length 2.6—2.8 times 
its depth vs. 1.9—2.2. 


Distribution: Currently only known from four tributaries of the 
Salween River drainage in Yunnan, China (Figure 3), including 
the Manggang River (Figure 4) and Tangxi River, tributaries of 
Nu River (Nujiang), Xinya River, a tributary of Nanting River, 
and Nanzha River, a tributary of Nangun River. Probably also 
exists in other mountain streams in east slope of Gaoligong 
Mountain that drain into the Nujiang. The four known locations 
are close to China-Myanmar border, it hopefully also occurs in 
Salween Drainage of Myanmar. 


Etymology: The specific name is an adjective that refers to the 
Gaoligong Mountain in which the type locality is located, and 
the suffix agrees in gender with the generic name Exostoma 
(gender neuter). 


Notes on biology: This species was collected from shallow 
water («1 m deep) in a fast flowing stream with clear water. 
Water temperature was 18.8 °C, water pH 6.95, conductivity 
45.6 uS/cm. The bottom substrate was boulders, cobbles, 
gravel, and sand with many diatoms that made the rocks 
slippery. This species was obtained from fast water and small 
waterfalls. The new species of Exostoma seems to have much 
lower tolerance to either low dissolved oxygen or to stress from 
electrofishing than Pseudexostoma brachysoma Chu, 1979, 
which occurs in the same habitat. After shocking sampling on 7 
October 2003, all the Exostoma were dead, whereas all the 
individuals of P. brachysoma survived until the next morning. 


Associated species: Only four species were collected at the 
Manggang River: Gymnodiptychus integrigymnatus Huang 
1981, Schistura poculi (Smith) 1945, P. brachysoma, and 
Exostoma gaoligongense. On 7 October 2003 at a downstream 
site in the Manggang River, we also collected four species: 
Schizothorax lissolabiatus Tsao, 1964, Misgurnus auguillicaudatus 
(Cantor) 1842, Schistura longa (Zhu) 1982, and Channa 
gachua (Hamilton) 1822. 


DISCUSSION 


Exostoma gaoligongense is similar to E. berdmorei, E. 
peregrinator, E. sawmteai and E. vinciguerrae by sharing 
adipose fin confluent with caudal fin vs. free from it in E. 
barakense, E. effrenum, E. labiatum, E. stuarti and E. 
tenuicaudata. Exostoma gaoligongense and E. vinciguerrae 


can be distinguished from E. berdmorei, E. peregrinator and E. 
sawmteai by gill opening extending to ventral surface of the 
body vs. not reaching, and caudal fin emarginate vs. lunate or 
forked. Pelvic fin reaches anus in E. gaoligongense, E. labiatum, 
E. peregrinator, E. berdmorei, E. effrenum vs. not in E. 
vinciguerrae, E. sawmteai, E. barakense and E. tenuicaudata. 

Exostoma gaoligongense is most similar to E. vinciguerrae 
(Figure 5) for similar body shape, color pattern, and overlapped 
fin ray counts, number of vertebrae, and metric characters, 
but the former can be distinguished from the latter by the 
following characters: pelvic fin reaching anus vs. not 
reaching; pectoral fin slightly longer, extending to vicinity of 
dorsal-fin origin vs. not reaching to dorsal-fin origin; 
maxillary barbels just reaching or slightly surpassing 
pectoral-fin origin vs. surpassing pectoral-fin origin or even 
reaching posterior end of gill membrane; principal caudal-fin 
rays usually 17 vs. 14-15; abdominal vertebrae 23-25 vs. 
25-27 (data from Ng & Vidthayanon, 2014). 

Exostoma gaoligongense can be further distinguished from E. 
berdmorei by a shorter snout, snout length 39.7%—53.3% HL vs. 
55.5—56.9. It can be further distinguished from E. peregrinator 
by a short dorsal-fin base, 8.3%—-12.1% SL vs. 12.3-13.8, a 
shorter snout, snout length 39.7%—53.3% HL vs. 56.1-61.2. It 
can be further distinguished from E. sawmteai by pelvic fin 
reaching anus vs. not reaching, a short dorsal-fin base, 8.3%-— 
12.1% SL vs. 12.4—13.5, and a longer anal fin, 13.1%—15.8% 
SL vs. 7.5-10.4. 

Exostoma gaoligongense can be further distinguished from E. 
barakense, E. effrenum and E. tenuicaudata by gill opening 
extending to ventral surface of the body vs. not reaching, and a 
shorter snout, snout length 39.7%—53.3% HL vs. 57.3-64.6. It 
can be further distinguished from E. barakense by pelvic fin 
reaching anus vs. not reaching. It can be further distinguished 
from E. effrenum by emarginate caudal fin vs. forked, shorter 
nasal barbels, reaching or surpassing anterior edge of eye vs. 
reaching nearly to posterior orbital margin, shorter dorsal-fin 
base, 8.3%—12.1% SL vs. 12.9-15.3, longer adipose-fin base, 
31.7%-45.2% SL vs. 25.8-29.0. It can be further 
distinguished from E. tenuicaudata by pelvic fin reaching anus 
vs. not reaching, a longer anal fin, 13.1%—15.8% SL vs. 10.0— 
13.0, stouter caudal peduncle, its length 18.8%—22.3% SL vs. 
26.3-28.0, its depth 7.3%—10.8% SL vs. 3.6-4.7, deeper body, 
body depth at anus 11.396—16.996 SL vs. 9.6-11.3, wider 
interorbital width, 27.5%—35.1% HL vs. 24.4—26.4. 

Exostoma gaoligongense shares gill opening extending to 
ventral surface of the body with E. labiatum and E. stuarti. It can 
be further distinguished from E. labiatum and E. stuarti by 
adipose fin confluent with the upper procurrent caudal-fin rays 
vs. free from it. It can be further distinguished from E. labiatum 
by branched pectoral-fin rays 9—11 vs. 12-13. Exostoma stuarti 
has a distinctly arched dorsum and only three branched anal-fin 
ray relative to all congeners. Exostoma gaoligongense can be 
further distinguished from E. stuarti in pelvic fin reaching anus 
vs. not reaching, shorter caudal-peduncle, it length 18.896— 
22.396 SL vs. 14.2-15.0, and relative more anterior position of 
anal-fin, anal to caudal distance/pelvic to anal distance 88.296— 
116.7% vs. 79.6—82.6. 
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Figure 3 The region of western Yunnan Province, China and northeastern Myanmar showing the four collections sites 
The type locality of Exostoma gaoligongense sp. nov. is indicated by a star (Manggang River, Nujiang drainage). 
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Figure 4 Manggang River at the type locality of Exostoma 
gaoligongense sp. nov. (photo by David Catania) 


Hora & Silas (1952) recognized five valid species among the 
nominal species of Exostoma at that time, and of the five, one is 
included in a different genus now, namely Pseudexostoma 
yunnanensis. Exostoma labiatum was described from the 
Mishmis Hills of Assam [larger area of earlier times], India 
(McClelland, 1842) or known as Danbajiang, Tibet, China (Wu 
& Wu, 1992), and later was reported from other sites in the 
Brahmaputra and Chindwin river drainages of India (Hora & 
Mukerji, 1935; Hora & Silas, 1952), Brahmaputra River 
drainage of Tibet (Wu et al., 1981; Wu, 1985; Wu & Wu, 1992), 
and rivers in the Irrawaddy River drainage of Yunnan (Chu & 
Mo, 1999; Chu et al., 1990; Wu et al., 1981). Exostoma 
berdmorei was described from Tenasserim, southern Myanmar 
(Blyth, 1860; Hora & Silas, 1952), the second collection was 
from Dawna Hills, Kawkareik, Sukli, Kayin State, Myanmar, in 
31 October 1934 (Fishbase-on-line). A small collection of Dr. 
Tyson Roberts kept in CAS from Salween drainage was 
examined for this study. From its forked caudal-fin, apparent 
small gill opening and only 14 branched caudal-fin rays, these 
fishes match very well characters of E. berdmorei in Hora & 
Silas (1952). It differs from description of Hora & Silas (1952) in 
the following characters: nasal barbel reaches eye or not vs. not 





Figure 5 Exostoma vinciguerrae (SEABRI-20150257), 56.9 mm 
SL, from Zeyar Stream, Hponkanrazi Wildlife Sanctuary, 9 Dec., 
2015; lateral (top), dorsal (middle), and ventral (bottom) views 
(photos by Xiao-Yong Chen) 


reach; body depth 5.9-6.7 in SL vs. 9—10; HL 4.1-4.4 in SL vs. 
5.0—5.17; snout length 1.7—1.9 post-orbital length vs. just larger 
than. These fishes match very well the redescription of E. 
berdmorei in Ng & Vidthayanon (2014), so we treat these 
specimens as E. berdmorei. 

Exostoma stuarti was described from the Nam-Yak River at 
Tanja in northern Myanmar (from a single specimen) and later 
was reported from the Chatrickong River drainage in Manipur, 
India (Vishwanath et al., 1998; Keishing & Vishwanath, 1999). 
The first author collected 9 specimens from Tanjar Stream, 
Putao, 26 December 2015. The data of E. stuarti in this study 
was based on this collection. The description of E. vinciguerrae 
was based on one specimen from the Putao Plains, Kachin, 
northern Myanmar (Regan, 1905) and later was reported from 
Pazi Monghong, Hsipi State, and northern Shan States, 
northeastern Myanmar and Manipur, India (Hora and Silas, 
1952; Vishwanath et al., 1998). Five collections from Zeyar and 
Ponyin streams, from 9 to 14 December, 2015, Hponkanrazi 
Wildlife Sanctuary, Malihka Drainage, Putao, collected by the 
first author and others were identified as E. vinciguerrae. 

It seems Hora (Hora & Mukerji, 1935) assigned both 
Exostoma from Brahamaputra and Chindwin drainages (a big 
upper tributary of Irrawaddy) to E. labiatum, but later he (Hora, 
1923; Hora & Silas, 1952) defined those from Brahamaputra as 
E. labiatum, while those from Upper Burma (Irrawaddy) as E. 
vinciguerrae. 

Wu et al. (1981) pointed out that according to the key of Hora 
& Silas (1952), E. labiatum and E. vinciguerrae differed in the 
shape of caudal fin (deeply emarginate vs. shallow emarginate) 
and number of branched pectoral-fin rays (12 vs. 10). Wu et al. 
(1981) compared specimens from Chayu (=Zayu) and Motuo 
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(=Medog), the upper Brahmaputra River drainage in Tibet with 
some from Tengchong and Yingjiang, the lrrawaddy River 
drainage in Yunnan and found there were no prominent 
differences between them. Within-population variability in the 
caudal fin concavity (varied from shallow to deep) and 
branched pectoral-fin rays (mostly 10, a few 11) indicated that 
these characters will not distinguish the species reliably. From 
their observations, Wu et al. (1981) concluded that E. 
vinciguerrae was most likely a synonym of E. labiatum. Chu et 
al. (1990) pointed out that in specimens from the Irrawaddy 
River drainage in Yunnan the adipose fin can be confluent with 
the caudal fin or free from it; they questioned the use of caudal 
fin concavity and confluence of adipose and caudal fins by Hora 
& Silas (1952) and treated both E. vinciguerrae and E. stuarti as 
synonyms of E. labiatum. 

Recent workers (Lalramliana et al., 2015; Ng & Vidthayanon, 
2014; Talwar & Jhingran, 1991; Tamang et al. 2015; 
Vishwanath & Joyshree, 2007) all treated E. labiatum and E. 
vinciguerrae as distinct species. Lalramliana et al. (2015) 
pointed out "material from the Brahmaputra River drainage in 
Arunachal Pradesh and Nagaland identified as E. labiatum by 
Hora & Silas (1952) differs from the holotype of E. labiatum in 
having the adipose fin confluent with (vs. separate from) the 
upper procurrent caudal-fin rays, suggesting that it may 
represent an unnamed species”. Seeing discrepancy in 
description of E. labiatum between Wu & Wu (1992) from upper 
Brahmaputra and Indian ones from lower, it implies that the 
identification of E. labiatum from both upper Brahmaputra and 
Irrawaddy drainages of China should be verified carefully in the 
future. Herein we follow these recent workers and confine E. 
vinciguerrae (and E. chaudhuri) in Malinka Drainage of 
Myanmar, and confine E. labiatum in Brahmaputra Drainage. 

By comparison of available data from our material and 
literatures (Tamang et al., 2015; Vishwanath & Joyshree, 2007), 
E. labiatum can be readily distinguished from E. vinciguerrae by 
caudal fin deeply emarginate vs. shallow emarginate, branched 
pectoral-fin rays 12-13 vs. 10-11, adipose-fin base 26.2% SL 
vs. 28.5-39.3, more slender caudal peduncle, its length 2.6—3.2 
times depth vs. 2.1—2.2. 

Based on all the results mentioned above, an artificial key to 
genus Exostoma is tentatively provided as follows: 


Key to Exostoma species 


1 Adipose fin confluent with caudal fin ...................................... 2 
— Adipose fin separated from caudal fin.................................... 6 
2 Gill opening extending to ventral surface of the body ........... 3 


— Gill opening not extending to ventral surface of the body .....4 
Pelvic fin not reaching anus; pectoral fin not reaching to 
dorsal-fin origin; principal caudal-fin rays 14—15 ..................... 
—— a TE E. vinciguerrae (Irrawaddy Basin) 
— Pelvic fin reaching anus; pectoral fin extending to vicinity of 
dorsal-fin origin origin; principal caudal-fin rays usually 17..... 
Eo qu E. gaoligongense (Salween Basin) 
4 Caudal fin slightly forked ........ E. berdmorei (Salween Basin) 


OW 


= CaŭdalII[lUNales sm UE 5 
5 Snout length 4899-5599 HL; caudal-peduncle depth 10.1%- 
Eesbech E. sawmteai (Surma-Meghna Basin) 
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— Snout length 5696-6196 HL; caudal-peduncle depth 6.2%— 
9:590 OE su aa E. peregrinator (Chao Phraya Basin) 
6 Posterior tip of adipose fin with a distinct incision ................. / 
— Posterior tip of adipose fin without an incision....................... 9 
7 Caudal peduncle slender, its length 26.3%—28.0% SL, depth 
3.696—4.796 SL ............. E. tenuicaudata (Brahmaputra Basin) 
— Caudal peduncle deeper, its length 17.0%—21.3% SL, depth 
5:196 T o D tee ese ee are eee tton JET 8 
8 Caudal fin emarginate; body and caudal peduncle deeper, 
body depth at anus 14.096—16.59e6 SL, caudal-peduncle 
depth 9.5%—11.1% SL..E. barakense (Surma-Meghna Basin) 
— Caudal fin forked; body and caudal peduncle slender, body 
depth at anus 10.596—12.496 SL, caudal-peduncle depth 


5:195—7 0% SL iiie E. effrenum (Chao Phraya Basin) 
9 Dorsal profile greatly arched; postdorsal profile severely 
SIODIFIG ur aede uade diii? E. stuarti (Irrawaddy Basin) 
— Dorsal profile slightly arched; postdorsal profile gently 
SIODIFIG] o6: f: hane cia eie E. labiatum (Brahmaputra Basin) 


COMPARATIVE MATERIAL EXAMINED 


Exostoma berdmorei: THAILAND: SALWEEN BASIN: NIFI 
uncataloged, 5 ex., labeled as Oreoglanis, kept in CAS, 
Salween Basin/Maejala O. (Tributary of Menam Moei/Tak 
province (Ta Song Yang Dist.), collected by S. Ukkotawerat, no 
date. 


Exostoma labiatum: CHINA: BRAHMAPUTRA BASIN: IHB 
13800117 (73 VII 0074—76), 3 ex., 50.29-67.35 mm SL, Angqu 
River, Ciba, Chayu, Tibet, July 1973; IHB 13800143 (74 VII 
2096, 74 IX 2171, 2174, 2179), 4 ex., 55.77-61.44 mm SL, 
Beiben, Motuo, Tibet, May 1974; IHB 13800142 (74 IX 2175, 
2186-2187), 3 ex., 54.70-56.05 mm SL, Beiben, Motuo, Tibet, 
August 1974. 


Exostoma stuarti: MYANMAR: MALIHKA BASIN: KIZ- 
CXY20150304-305, uncataloged, 3 ex., 33.44—38.16 mm SL, 
Tanjar Stream, a tributary of Mali Hka Drainage, Hponkanrazi 
Wildlife Sanctuary, Kachin State, Mynamar, collected by X. Y. 
Chen, T. Qin, S. S. Shu and Y. M. Kaw, 26 December 2015. 


Exostoma vinciguerrae: MYANMAR: MALIHKA BASIN: 
SEABRI 20150255-258, 22 ex., Zeyar stream near Zeyar Dan 
Village, Hponkanrazi Wildlife Sanctuary (N2793412.08”, 
E97906'02.73"), collected by X. Y. Chen, T. Qin, S. S. Shu and Y. 
M. Kaw, 9 December 2015; SEABRI 20150371-374, 4 ex., right 
tributary of upper tributary of Ponyin Stream around Camp 1 of 
Hponkanrazim (N27“35'43.87”, E96*59 46.33"), collected by T. 
Qin and S. S. Shu, 11 December 2015; SEABRI 20150383-393, 
11 ex., upper tributary of Ponyin Stream around Camp 1 of 
Hponkanrazi, collected by T. Qin and S. S. Shu, 12 December 
2015; SEABRI 20150396-399, 4 ex., left tributary of upper 
tributary of Ponyin Stream around Camp 1 of Hponkanrazi, 
collected by T. Qin and S. S. Shu, 13 December 2015; SEABRI 
920150422 (CXY20150145), 1 ex., Ponyin Stream near Zeyar 
Dan Village, Hponkanrazi Wildlife Sanctuary (N27*33 51.777, 
E97*05 25.117), collected by X. Y. Chen, T. Qin, S. S. Shu and Y. 


M. Kaw, 14 December 2015. 
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ABSTRACT 


Freshwater fish from the Putao and Myitkyina areas 
were collected in three ichthyofaunal surveys of the 
Mali Hka River and tributaries in and around 
Khakaborazi National Park and Hponkanrazi Wildlife 
Sanctuary, Kachin State, from 2014—2016. Tor 
yingjiangensis Chen et Yang 2004, Tor qiaojiensis 
Wu et al. 1977, Garra qiaojiensis Wu et al. 1977, 
Garra bispinosa Zhang 2005, and Schizothorax 
oligolepis Huang 1985, originally described from the 
upper Irrawaddy (Ayeyarwaddy) River in China, are 
first reported herein as new records to Myanmar. 
Counts, measurements, descriptions, photographs, 
and distributions of the specimens of the five newly 
recorded species are provided. 


Keywords: New record; Cyprinidae; Mali Hka River; 
Irrawaddy; Myanmar 


INTRODUCTION 


South and Southeast Asia are among the most speciose areas 
on the planet, containing 20% of all known freshwater 
vertebrate species and 25% of all known aquatic plants (Balian 
et al., 2008). There are 310 native species of freshwater fish 
reported in Myanmar (Davies et al., 2004), and 508 freshwater 
species currently present in FishBase (Froese & Pauly, 2017). 
The eastern Himalaya region is part of the Indo-Burma and 
Himalaya Biodiversity Hotspots, with at least 520 species of 
freshwater fish reported (Allen et al., 2010). Abell et al. (2008) 
presented a global map of 426 freshwater ecoregions based on 
the distributions and compositions of freshwater fish species. 
The Sittaung-Irrawaddy is one of the six freshwater ecoregions 
of the Eastern Himalaya assessment region, with the Irrawaddy 
(Ayeyarwaddy) ecoregion containing more endemic species of 
freshwater fish (between 119-195) than any of the other 
Eastern Himalayan freshwater ecosystems (Vishwanath et al., 
in Allen et al., 2010). 
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Putao (Hkamti Long) is the northern most district in Myanmar, 
and contains two protected areas, that is, Khakaborazi National 
Park and Hponkanrazi Wildlife Sanctuary (Beffasti & Galanti, 
2011). Twenty newly recorded species and at least three new 
species were reported by Chaudhuri (1919) during the earliest 
fish survey in the Putao area (Kachin State, northern Myanmar), 
with fish species from Sunprabum and Putao areas 
subsequently reported (Mukerji, 1933, 1934; Rendahl, 1948). 
Systematic study has resulted in the addition of other new 
species in Putao and northernmost Myanmar (Chen et al., 2017; 
Conway ĉ Britz, 2010; Hora, 1921, 1923; Kottelat, 1990; 
Kullander, 2012; Kullander & Britz, 2002; Kullander ĉ Fang, 
2005; Ng, 2008). According to Kottelat (2015), based on a 
survey of the Mali Hka River (Figure 1) conducted by the Fauna 
& Flora and Zoology Departments of Myitkyina University from 
November to December 2014, a total of 42 species were 
collected, of which 16 species were first recorded within the 
Putao area, including three new records to Myanmar: Oreinus cf. 
meridionalis (=Schizothorax meridionalis), Garra aff. dulongensis 
(=Placocheilus dulongensis), and Pseudecheneis brachyurus. 

The Southeast Asia Biodiversity Research Institute (SEABRI), 
Chinese Academy of Sciences (CAS), and Forest Research 
Institute (FRI) have organized continuous biological surveys in 
North Myanmar since 2014. After further study in the laboratory, 
identification of samples was confirmed by comparison with 
materials in the Kunming Natural History Museum of Zoology, 
Kunming Institute of Zoology (KIZ), CAS, Kunming, Yunnan, 
China. A new sisorid catfish species, Oreoglanis hponkanensis 
was identified and published (Chen et al., 2017), and five newly 
recorded species to Myanmar are reported herein, including Tor 
yingjiangensis, Tor qiaojiensis, Garra qlaojiensis, Garra 
bispinosa, and Schizothorax oligolepis. 
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Figure 1 View of the main channel of Mali Hka River 


MATERIALS AND METHODS 


Fish were collected by gillnet, dipnet, and electric shocker 
depending on the conditions of different survey sites, or were 
purchased from the Putao and Myitkyina fish markets, and fixed 
in 10% formalin. Counts and measurements were taken on the 
left side of the specimen whenever possible. All morphometric 
measurement data were recorded point-to-point using manual 
dial calipers and recorded to 0.1 mm. Counts and measurements 
followed the original descriptions provided in the literature and 
local annals, viz. Tor yingjlangensis (Chen & Yang, 2004; Chu & 
Chen, 1989), Tor qiaojiensis (Chu & Chen, 1989; Wu, 1977), 
Garra qiaojiensis (Chu & Chen, 1989; Wu, 1977), Garra 
bispinosa (Zhang, 2005), and Schizothorax oligolepis (Huang, 
1985). GPS coordinates were obtained from a Garmin eTrex- 
309 handheld device. The specimens examined in the present 
study were deposited in the Laboratory of Aquatic Biodiversity 
Research Group, SEABRI, CAS, which is based in FRI, 
Myanmar, and in the Kunming Natural History Museum of 
Zoology, KIZ, CAS, China. Abbreviations: ex., examined 
specimens; SL, standard length; CPL, caudal-peduncle length; 
HL, head length; D-LL, scales between dorsal-fin origin and 


lateral line; V-LL, scales between pelvic-fin origin and lateral line. 


RESULTS 


Tor yingjiangensis Chen & Yang, 2004 
Tor yingjiangensis Chen & Yang, 2004: 185-191 (Yingjiang, 


Yunnan, China). 
Tor (Tor) putitora: Chen & Chu, 1985: 79-86 (Yingjiang, Yunnan, 
China). 


Material examined: SEABRI20140098-100, 3 ex., 70.5-81.5 mm 
SL, main stem of Mali Hka River, Irrawaddy Basin, Wurunga 
Village, Naung Mun Township, Putao District, Kachin State, 
Myanmar (N27°30'15.3", E97*48'48.2", 543 m a.s.l.), collected 
by Xiao-Yong Chen and Tao Qin, 30 November to 7 December 
2014; SEABRI20160086-089, 4 ex., 98.9-174.9 mm SL, from 
Myitkyina fish market, Myitkyina City, Kachin State, Myanmar, 
collected by Xiao-Yong Chen, Tao Qin and Shu-Sen Shu, 1 
August 2016; SEABRI20160176, 1 ex., 75.5 mm SL, from Putao 
fish market, Putao District, Kachin State, Myanmar, collected by 
Xiao-Yong Chen, Tao Qin, and Shu-Sen Shu, 4 August 2016. 


Comparative material examined: Holotype: KIZ164401, 181 
mm SL, paratypes: KIZ704404, KIZ764229, KIZ764235-236, 4 
ex., 72.5-162 mm SL, Dayingjiang River (tributary of upper 
Irrawaddy River), Manyun Town, Yingjiang County, Yunnan, 
China; KIZ2006004189, 198.9 mm SL, Nanzhang River (tributary 
of Longchuanjiang River, Irrawaddy Basin), Wangzishu Town, 
Longchuan County, Yunnan, China. 


Description: According to the original description of Tor 
yingjiangensis (Chen & Yang, 2004), the examined specimens 
can be exclusively distinguished based on the following 
characters: Body elongate and moderately compressed; dorsal 
body profile convex, slowly increasing, reaching highest point at 
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dorsal-fin origin; ventral profile less arched; lateral head length 
considerably greater than body depth at dorsal-fin origin 
(Figures 2, 3). Snout pointed, mouth terminal, lips well fleshy, 
median lobe of lower lip short, posterior margin truncate, not 
reaching vertical across corners of mouth (Figure 4B); no 
tubercles on snout or sides of face; two pairs of barbels, length 
of rostral and maxillary barbels almost equal, longer than 
diameter of eye. Body entirely scaled; lateral line complete, 





Figure 2 Lateral view of Tor yingjiangensis before preservation, 
SEABRI20160089, 167.4 mm SL 





Figure 3 Lateral view of Tor yingjiangensis after preservation in 
formalin, SEABRI20160089, 167.4 mm SL 


lateral-line scales 25-26, D-LL 3.5-4, V-LL 3, circumpeduncular 
scales 12, no horizontal or longitudinal stripe on sides of body. 

Counts and morphometric measurements of examined 
specimens are listed in Table 1. 


Color in life: Body silver, grey on dorsum. Head grey on back, 
silver on lateral and ventral sides. Opercule partly dark. Dorsal 
fin light grey, rays and distal dark grey, paired fins light yellow, 
caudal fin and anal fin red, but blackish distally. Scales form 
dark network on flank (Figure 2). 





Figure 4 Ventral view of the head 
A: Tor qiaojiensis, SEABRI20150837, 189.7 mm SL; B: Tor yingjiangensis, 
SEABRI20160089, 167.4 mm SL. 


Table 1 Comparisons of counts and proportional measurements of Tor yingjiangensis and Tor qiaojiensis 


T. yingjiangensis (n=8) T. yingjiangensis' (n=5) T. qiaojiensis (n=24) 


T. qiaojiensis? (n=9) 


Total length (mm) 90.7—226.8 82.0-238.5 
Standard length (mm) 70.5—174.9 60.0-181.0 
Dorsal-fin rays IV, 9 IV, 9 
Anal-fin rays iii, 5 iii, 5 
Pectoral-fin rays i, 12-14 i, 15-16 
Pelvic-fin rays i, 8 i, 8-9 
Lateral-line scales 25-26 24-26 
D-LL 3.5-4 4—4.5 

V-LL 3 3-3.5 
Circumpeduncular scales 10-12 12 
Percentage of SL (Yo) 

Body depth 24.1—28.2 25.5-2T.3 
Head length 28.3-33.5 28.7-33.9 
Caudal-peduncle length 13.4—15.8 11.3-14.8 
Caudal-peduncle depth 10.7-12.7 11.1-13.3 
Percentage of HL (%) 

Snout length 29.1-31.8 33.3-35.4 
Eye diameter 21.6-26.3 17.7—25.6 
Body depth 77.0-88.3 711.1—95.2 
uuo Renee 69.3-80.3 75.0-106.7 


depth/length (96) 


/2.9-234.1 5/.0—292.0 
o94.1-189.7 46.0—231.0 
IV, 9 IV, 9 

iii, 5 iii, 5 

i, 13-15 i, 15-16 

i, 8-9 i, 8-9 
29-30 29-30 

4.5 4.5-5.5 
2.5-3 2.5-3.5 

10 10-12 
24.7-28.1 2/.3—31.4 
26.3-31.4 2/./—30.6 
15.5-17.4 13.9-18.8 
11.1-12.5 9.7-11.0 
29.7-32.2 28.4—33.7 
23.9-28./ 22.6-2T.7 
86.7-98.5 90.4—95.5 
66.0-76.9 68.1—80.4 


1: from Chen A Yang (2004); ^: from Chu & Chen (1989). Some data were converted for comparison. 
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Color in preservative: Body and head dark grey on back, 
white on lateral and ventral sides. Opercule dark. All fins 
greyish white (Figure 3). 


Distribution: Tor yingjiangensis is usually found in the main 
stem of the Mali Hka River, and sought fresh from the Putao 
and Myitkyina fish markets in the Irrawaddy Basin of northern 
Myanmar, and in the Longchuanjiang and Dayingjiang rivers of 
Yunnan, China (Figure 7). 


Remarks: Myanmar specimens well-match Tor yingjiangensis 
from the Dayingjiang River of Yunnan, China, except for some 
minor differences in counts and measurements: D-LL 3.5-4 
(vs. 4—4.5), V-LL 3 (vs. 3-3.5), circumpeduncular scales 10- 
12 (vs. 12), caudal-peduncle length 13.496—15.896 SL (vs. 
11.3-14.8), and caudal-peduncle depth 10.796—12.796 SL (vs. 
11.1-13.3). 


Tor qiaojiensis Wu 8. Yao in Wu, 1977 

Tor (Tor) qiaojiensis Wu & Yao, in Wu, 1977: 159-160 (Qiaojie, 
Yunnan, China); Chu & Cui in Chu & Chen, 1989 (Lianghe, 
Yingjiang, Tengchong, Yunnan, China). 


Material examined: Jor qiaojiensis, KIZ2014005930-931, 2 
ex., 46.1-53.7 mm SL, stream near Rat Baw Village, Naung 
Mun Township, Putao District. Kachin State, Myanmar 
(N27°28'20.89", E97*51'06.86", 558 m a.s.l.), collected by Xiao- 
Yong Chen and Tao Qin, 2 December 2014; K1Z2015006380- 
381, SEABRI20150277-281, SEABRI20150830-837, 15 ex, 
62.8-189.7 mm SL, Zeyar Stream, Irrawaddy Basin, Zeyar Dan 
Village, Putao District, Kachin State, Myanmar (N27*34'12.08", 
E97^06'02.73", 1 036 m a.s.l.), collected by Xiao-Yong Chen, 
Tao Qin and Shu-Sen Shu, 9 December 2015; 
SEABRI20150459-462, 4 ex., 58.2-62.8 mm SL, Nam Ru 
Stream, Irrawaddy Basin, War Sar Dan Village, Putao District, 
Kachin State, Myanmar (N27*28'43.14", E97°10'43.23", 830 m 
a.s.l.), collected by Xiao-Yong Chen, Tao Qin, and Shu-Sen Shu, 
17 December 2015; SEABRI20150464-466, 3 ex., 54.1-126.8 
mm SL, Patheik Stream, Irrawaddy Basin, Putao District, 
Kachin State, Myanmar (N27*26'27.51", E97*14'30.33", 790 m 
a.s.l.), collected by Xiao-Yong Chen, Tao Qin, and Shu-Sen Shu, 
19 December 2015. 


Comparative material examined: KIZ2006012423-455, 39.9— 
104.8 mm SL, 33 ex., Guyong River (tributary of Binglangjiang 
River, upper Irrawaddy River), Guyong Town, Tengchong County, 
Yunnan, China; KIZ2006012418-422, 86.4-145.5 mm SL, 5 ex., 
Binglangjiang River (upper Dayingjiang River, Irrawaddy Basin), 
Guyong Town, Tengchong County, Yunnan, China. 


Description: Based on the literature (Chu & Chen, 1989; Wu, 
1977), this species can be distinguished from other congeners 
of Tor by the unique combination of the following features: body 
elongate and head compressed, dorsal profile gradually 
increasing, reaching apex just in front of dorsal-fin origin, head 
length slightly longer or equal to maximum body depth, anus 
close to anal-fin origin, caudal deeply forked (Figures 5, 6). 


Mouth subterminal, snout blunt, lips fleshy, median lobe of 
lower lip undeveloped, two pairs of barbels, rostral barbels 
longer than maxillary barbels (Figure 4A). Dorsal-fin with four 
unbranched and nine branched rays, last unbranched ray osseous 
and only articulated on distal tip. Lateral line complete, 
lateral-line scales 29-30, D-LL 4.5, V-LL 2.5-3, circumpeduncular 
scales 10. 





Figure 5 Lateral view of Tor qiaojiensis before preservation, 
SEABRI20150837, 189.7 mm SL 





Figure 6 Lateral view of Tor qiaojiensis after preservation in 
formalin, SEABRI20150837, 189.7 mm SL 


Counts and morphometric measurements of examined 
specimens for mahseers are listed in Table 1. 


Color in life: Body and head dark grey on back, golden on 
lateral side, white on ventral side. Golden on opercule and 
lighter on preopercule. All fins dark brown. Scales form dark 
network on flank (Figure 5). 


Color in preservative: Body and head dark grey on back, 
brown on lateral side, white on ventral side. All fins dark grey. 
Scales form dark network on flank (Figure 6). 


Distribution: Found from mountain tributaries of the Mali Hka 
River Basin in the Rat Baw, Zeyar Dan, War Sar Dan villages, 
Putao, Myanmar. In China, this species is mainly distributed in 
tributaries of the Longchuanjiang River and Dayingjiang River in 
the upper Irrawaddy Basin (Chu & Chen, 1989; Wu, 1977) 
(Figure 7). 


Remarks: Myanmar specimens well-match Tor qiaojiensis from 
Yunnan, China, except for some minor differences in counts 
and measurements: D-LL 4.5 (vs. 4.5—5.5), circumpeduncular 
scales 10 (vs. 10-12), head length 26.3%—31.4% SL (vs. 27.7— 
30.6), body depth 24.796—28.19e SL (vs. 27.3-31.4), caudal- 
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peduncle length 15.5%—17.4% SL (vs. 13.9-18.8), and caudal- 
peduncle depth 11.196—12.596 SL (vs. 9.7—11). 


N26? 





Figure 7 Distribution of Tor yingjiangensis (xx: type locality; X: non- 
type locality; and Tor qiaojiensis (A: type locality; A: non-type 
locality) 


Garra qiaojiensis Wu & Yao in Wu, 1977 

Garra qiaojiensis Wu & Yao, in Wu, 1977: 238-239 (Qiaojie, 
Yunnan, China); Chu & Cui, in Chu & Chen, 1989 (Tuantian 
and Gudong of Tengchong, Lianghe, Husa of Longchuan, 
Yunnan, China). 


Material examined: SEABRI20140185-193, 9 ex., 76.2-94.9 mm 
SL, main stem of Mali Hka River, Wurunga Village, Naung Mun 
Township, Putao District, Kachin State, Myanmar (N27*30'15.3", 
E97°48'48.2", 543 m a.s.l.), collected by Xiao-Yong Chen and 
Tao Qin, 30 November to 7 December 2014; 
SEABRI20150231—234, SEABRI20150414, 5 ex., 118.8-165.9 
mm SL, Zeyar Stream, Mali Hka Basin, Zeyar Dan Village, 
Putao District, Kachin State, Myanmar (N27°34'12.08", 
E97°06'02.73", 1 036 m a.s.l.), collected by Xiao-Yong Chen, 
Tao Qin, and Shu-Sen Shu, 9 & 14 December 2015; 
KIZ2016007376-377, SEABRI20160188-190, 5 ex., 60.7-73.4 
mm SL, from Putao fish market, Putao District, Kachin State, 
Myanmar, collected by Xiao-Yong Chen, Tao Qin, and Shu-Sen 
Shu, 6 August 2016. 
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Comparative material examined: KIZ2005002680-694, 
49.4—72.1 mm SL, 15 ex., Zhina River (tributary of Dayingjiang 
River), Zhina Town, Yingjiang County, Yunnan, China; 
KIZ2006011157, 92.9 mm SL, Binglangjiang River (upper 
Dayingjiang River), Guyong Town, Tengchong County, 
Yunnan, China; KIZ2006011169-174, 81.1-118.8 mm SL, 6 
ex., Longchuanjiang River, Wuhe Town, Tengchong County, 
Yunnan, China; KIZ2006004475-476, 68.7-75.9 mm SL, 2 
ex., Minglang River (tributary of Longchuanjiang River), 
Hehua Town, Tengchong County, Yunnan, China. 


Description: Specimens examined were identified as Garra 
qiaojiensis according to the following characters (Chu & Chen, 
1989; Wu, 1977): Body rounded and caudal peduncle compressed 
(Figures 8, 9). Head rounded and moderately large, head wider 
than deep, eyes small, mouth inferior, snout moderately 
rounded, two pairs of short barbels, mental disc elliptical (Figure 
10A, C). Dorsal fin with four simple and eight branched rays. 
Lateral line complete, with 34-35 scales, D-LL 4, V-LL 2.53, 
circumpeduncular scales 12, predorsal scales 10-11. 


Counts and morphometric measurements of examined 
specimens are listed in Table 2. 


Color in life: Head and body dark olive green mottled with 
yellow, ventral side of body white. Dark spot at upper 
extremity of gill opening. All fins orange, rays dark, membrane 
light (Figure 8). 





Figure 8 Lateral view of Garra qiaojiensis in life, SEABRI20140185, 
76.2 mm SL 


Color in preservative: Body dark brown on dorsal and 
lateral sides, brown on ventral side. All fins brown, rays dark 
(Figure 9). 





Figure 9 Lateral view of Garra qiaojiensis after preservation in 
formalin, SEABRI20140185, 76.2 mm SL 


Distribution: In China, Garra qiaojiensis is currently known 
from the Dayingjiang River and Longchuanjiang River of 
Yunnan (Chu & Chen, 1989; Wu, 1977). In Myanmar, it occurs 
in streams and tributaries of the Mali Hka River Basin around 
Putao (Figure 14). 


Garra bispinosa Zhang, 2005 

Garra bispinosa Zhang, 2005: 9—15 (Yingjiang, Yunnan, China). 
Garra orientalis: Chu & Cui, in Chu & Chen, 1989 (in part, 
Nabang of Yingjiang, Luxi, Wanting, Yunnan, China). 


Materials examined: SEABRI20140104, 1 ex., 112.2 mm SL, 
stream near Rat Baw Village, Naung Mun Township, Putao 
District, Kachin State, Myanmar (N27*28'20.89", E97*51'06.86", 
558 m a.s.l.), collected by Xiao-Yong Chen and Tao Qin, 2 
December 2014; SEABRI20150036-037, 2 ex., 79.6-96.5 mm 
SL, stream near Upper Chan Khaung Village, Putao District, 
Kachin State, Myanmar (N27°25'25.33", E97°17'51.33", 446 m 
a.s.l.), collected by Xiao-Yong Chen, Tao Qin, and Shu-Sen Shu, 
5 December 2015; SEABRI20150125-148, 23 ex., 69.6-95.3 
mm SL (Table 2), Monlar Stream, War Sar Dan Village, Putao 
District, Kachin State, Myanmar (N27°29'49.38", E97°11'20.31", 
839 m a.s.l.), collected by Xiao-Yong Chen, Tao Qin, and Shu- 
Sen Shu, 7 December 2015; SEABRI20151251-259, 9 ex., 
66.7-117 mm SL, A Dae Hor Thai Stream, Putao District, 
Kachin State, Myanmar (N27°13'18.57", E97°29'41.73", 426 m 
a.s.l.), collected by Xiao-Yong Chen, Tao Qin, and Shu-Sen Shu, 
23 December 2015; SEABRI20151112, 1 ex., 118.9 mm SL, 
Tanjar Stream near Lone Shar Yan Village, Putao District, 
Kachin State, Myanmar (N27°08'18.92", E97°33'34.38", 422 m 
a.s.l.), collected by Xiao-Yong Chen, Tao Qin, and Shu-Sen Shu, 
26 December 2015; SEABRI20151359-364, 6 ex., 51.4—89.6 
mm SL, Nan Pat Stream, Machanbaw Township, Putao District, 
Kachin State, Myanmar (N27*20'41.21", E97934'57.75", 405 m 
a.s.l.), collected by Xiao-Yong Chen, Tao Qin, and Shu-Sen Shu, 
29 December 2015. 


Description: Examined specimens well-matched Garra bispinosa 
(Zhang, 2005), and can be distinguished from congeners by the 
following characters: Body elongate, dorsal and ventral profile 
slightly convex (Figures 11, 12). Head moderately large and 
slightly compressed, longer than deep, deep less than wide, 
eyes small, two pairs of barbels shorter than eye diameter, 
maxillary barbels shorter than rostral ones, mental disc elliptical 
and shorter than wide, conspicuous proboscis with tubercles, 
anteriorly bilobed in large specimens, snout slightly pointed and 
tip with conspicuous groove (Figure10B,D). Lateral line 
complete, with 34-35 scales, circumpeduncular scales 16. 
Dorsal fin with four simple and eight branched rays, D-LL 4, V- 
LL 2.5-3, predorsal scales 10-11. 

Counts and morphometric measurements of examined 
specimens are listed in Table 2. 


Color in life: Body and head dark olive green. Ventral side of body 
White. Body with six dark stripes on lateral side, more prominent 
posterior of dorsal-fin base. All fins orange, rays dark (Figure 11). 





Figure 10 Dorsal (top) and ventral (bottom) view of head 
A, C: Garra qiaojiensis, SEABRI20140185, 76.2 mm SL; B, D: Garra 
bispinosaSEABRI20150470, 74.9 mm SL. 





Figure 11 Lateral view of Garra bispinosa in life, SEABRI20150470, 
74.9 mm SL 


Color in preservative: Body dark brown on dorsal and lateral 
sides, brown on ventral side. Dark spot at upper extremity of gill 
opening. All fins yellowish, rays dark (Figure 12). 





Figure 12 Lateral view of Garra bispinosa after preservation in 
formalin, SEABRI20151112, 145.5 mm SL 
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Table 2 Comparisons of counts and proportional measurements of G. qiaojiensis and G. bispinosa 


G. giaojiensis (n219) 


G. qiaojiensis! (n213) 


G. bispinosa (n=42) 


65.5-150.2 N/A 
49.2-118.9 /5.7-127.8 
iv, 8 iv, 7—8 

iii, 5 iii, 5 

i, 13 i, 13-14 

i, 7 i, 7—8 
34—35 34-35 

4 4 

2.5-3 2.5-3 
10-11 9-11 

16 16 
20.0-25.4 20.8-24.1 
22.6-25.1 22.6-24.6 
16.7-18.2 15.4-17.9 
17.0-19.5 16.4-19.3 
13.9-16.3 14.7-18.5 
11.6-13.8 12.4-13.6 
42.6-50.4 49.5—56.5 
18.1-24.4 17.9—21.7 


G. bispinosa“ (n=27) 


Total length (mm) 80.5-165.9 61.5-160.0 
Standard length (mm) 60.7—138.1 49.0—124.0 
Dorsal-fin rays iv, 8 iv, 8 
Anal-fin rays iii, 5 iii, 5 
Pectoral-fin rays i, 13 i, 13-15 
Pelvic-fin rays i, 7-8 i, 8 
Lateral-line scales 34-35 33-36 
D-LL 4 3-4 

V-LL 2.5-3 2.5-3 
Predorsal scales 10-11 9-11 
Circumpeduncular scales 12 12 
Percentage of SL (%) 

Body depth 20.7—23.9 20.5-23.3 
Head length 22.4—26.2 21.7—25.9 
Head depth 15.4-18.0 15.9-18.2 
Head width 17.3-20.5 17.8—19.0 
Caudal-peduncle length 12.4-15.7 12.3-15.8 
Caudal-peduncle depth 11.5-13.2 11.1-13.3 
Percentage of HL (90) 

Snout length 37.1—50.8 39.3-50.4 
Eye diameter 19.6-25.0 19.1-25.6 


1: from Chu & Chen (1989). Some data were converted for comparison; *: from Zhang (2005). 


Distribution: In China, Garra bispinosa is currently known from 
Dayingjiang River and Longchuanjiang River, upper Irrawaddy 
River in Yunnan (Chen, 2013; Zhang, 2005). In Myanmar, it 
occurs in streams and tributaries of the Mali Hka River Basin 
around Putao, northern Myanmar (Figures 13, 14). 
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Figure 13 Tributary of the Mali Hka River at Wurunga Village, 
Naung Mun Township, Putao District, Kachin State, Myanmar 


Schizothorax oligolepis Huang, 1985 

Schizothorax oligolepis Huang, 1985: 209-210 (Tongbiguan of 
Yingjiang, Yunnan, China); Yang et al., 2013: 365-366 (Dayingjiang, 
Yunnan, China). 
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Schizothorax (Schizothorax) oligolepis: Mo, in Chu & Chen, 
1989 (Tongbiguan of Yingjiang, Yunnan, China). 


Material examined: KIZ2015006382-383, SEABRI20150220- 
225, 283-291, 17 ex. 61.2-91.6 mm SL, Zeyar Stream, 
Irrawaddy Basin, Zeyar Dan Village, Putao District, Kachin 
State, Myanmar (N27°34'12.08", E97°06'02.73", 1 036 m a.s.l.), 
collected by Xiao-Yong Chen, Tao Qin, and Shu-Sen Shu, 9 
December 2015; SEABRI20150347, 350—351, 355, 362, 364, 
3/5-377, 9 ex., 66.4-152.1 mm SL, upper tributary of Ponyin 
Stream, Zeyar Dan Village, Putao District, Kachin State, Myanmar 
(N27°35'43.87", E96*59'46.33", 1 500 m a.s.l.), collected by Tao 
Qin and Shu-Sen Shu, 11 & 12 December 2015; 
SEABRI20150408-413, 6 ex., 72.6-84.4 mm SL, Ponyin 
Stream, Zeyar Dan Village, Putao District, Kachin State, 
Myanmar (N27°33'51.77", E97°05'25.11", 1 072 m a.s.l.), 
collected by Xiao-Yong Chen, Tao Qin, and Shu-Sen Shu, 
14 December 2015; SEABRI20150497-507, 11 ex., 57- 
100.5 mm SL, Zan Shaw Stream, War Sar Dan Village, 
Putao District, Kachin State, Myanmar (N27°28'00.26", 
E97°13'05.73", 1 134 m a.s.l.), collected by Xiao-Yong Chen, 
Tao Qin, and Shu-Sen Shu, 18 December 2015. 


Comparative material examined: KIZ2016002803, 905-913, 
920, 11 ex., 48.5-132.3 mm SL, Erganya River (tributary of 
Dayingjiang), Tongbiguan Town, Yingjiang County, Yunnan, 
China; KIZ2014005075-082, 62.3-916 mm SL, 8 ex, 
Dazhupeng River (tributary of Dayingjiang River), Zhina Town, 


Yingjiang County, Yunnan, China; KIZ2014004705-709, 48.8— 
71.6 mm SL, 5 ex., Zhongling River (tributary of Dayingjiang 
River), Zhina Town, Yingjiang County, Yunnan, China. 


N26? 





Figure 14 Distribution of Garra qiaojiensis (yx: type locality; x: 
non-type locality) and Garra bispinosa (A: type locality; A: non- 
type locality) 


Description: Combined with the diagnostic characters from the 
original description, the examined specimens can be 
distinguished as Schizothorax oligolepis based on the following 
characters: Body moderately elongate, head and caudal 
peduncle compressed, dorsal profile arched more than ventral 
(Figures 16, 17). Snout blunt and rounded, lower jaw with sharp 
horny sheath, lower lip well-developed, papillated, postlabial 
groove continuous (Figure 15). Lateral line complete and 
slightly straight, scales minute, obvious scales present on 
thorax and abdomen. Dorsal-fin with four simple and 7-8 
branched rays, last unbranched dorsal fin osseous and serrated 
on lower part, soft on distal tip, dorsal-fin origin anterior of 
pelvic-fin origin, dorsum with speckles. 


Counts and partial comparative measurements of examined 
materials are presented in Table 3. 


Color in life: Head and body olive green, dorsum dark, with 


speckles, ventral side silver. Black longitudinal stripe above and 
along lateral line present. Semicircular black blotch on caudal- 
fin base. Eyes reddish on dorsal part. Anal fins hyaline, other 
fins light orange, dorsal and caudal fins with greyish margin 
(Figure 16). 





Figure 15 Ventral view of head, Schizothorax oligolepis, 
SEABRI20150221, 71.1 mm SL 





Figure 16 
SEABRI20150221, 71.1 mm SL 


Lateral view of Schizothorax oligolepis in life, 


Color in preservative: Head and body brown, dorsum dark, 
with speckles, ventral side light. Black longitudinal stripe above 
and along lateral line present. Semicircular black blotch on 
caudal-fin base. Fin rays grey (Figure 17). 


Distribution: It occurs in mountain streams in the Hponkanrazi 
Wildlife Sanctuary, including Zeyar Stream and Ponyin Stream 
of the upper Mali Hka River around Putao, and upper tributaries 
of Dayingjiang River, Yunnan, China (Chu & Chen, 1989; 
Huang, 1985) (Figures 18, 19). 
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Remarks: The last unbranched dorsal fin is osseous and 
serrated on the lower part, but soft on distal tip in the Myanmar 
specimen, which is weaker in the Chinese specimens. 





Figure 17 Lateral view of Schizothorax oligolepis after preservation 
in formalin, SEABRI20150221, 71.1 mm SL 





Figure 18 Ponyin Stream, a tributary of Mali Hka River close to Figure 19 Distribution of Schizothorax oligolepis (xx: type locality; 
Zeyar Dan Village, Putao District, Kachin State, Myanmar *: non-type locality) 


Table 3 Counts and proportional measurements of Schizothorax oligolepis 


S. oligolepis (n243) S. oligolepis' (n=21) 
Total length (mm) /5.3-193.7 N/A 
Standard length (mm) 57.0-152.1 110.0-176.0 
Dorsal-fin rays IV, 7-8 IV, 7 
Anal-fin rays ili, 4-5 iii, 5 
Pectoral-fin rays i, 16-18 i, 17-18 
Pelvic-fin rays i, 8-9 i, 9-10 
Percentage of SL (96) 
Body depth 21.3-26.4 20.9-27.3 
Head length 22.1-27.5 21.8-27.1 
Head depth 15-19.4 16.2-18.7 
Head width 14-16.5 14.8-17 
Caudal-peduncle length 15.1-17.7 15.3-18.3 
Caudal-peduncle depth 9.6-11.2 10.1-12.8 
Percentage of HL (%) 
Snout length 28.6—34.2 29.1-33.9 
Eye diameter 22.5-29.3 23./—28.9 


1: from Huang (1985). Some data were converted for comparison. 
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ABSTRACT 


The leaf muntjac (Muntiacus putaoensis) is an 
endemic deer species found in the east trans- 
Himalayan region. ln recent years, population 
numbers have decreased due to heavy hunting and 
habitat loss, and little genetic data exists for this 
species, thus our knowledge of distribution rangs 
and population sizes likewise remain limited. We 
obtained mtDNA genes and the complete 
mitochondrial genome sequence of M. putaoensis 
using PCR, followed by direct sequencing. The 
complete mitogenome sequence was determined as 
a circular 16 349 bp mitochondrial genome, 
containing 13 protein-coding genes, two rRNA genes, 
22 tRNA genes, and one control region, the gene 
composition and order of which were similar to most 
other vertebrates so far reported. Most mitochondrial 
genes, except for ND6 and eight tRNAs, were 
encoded on the heavy strand. The overall base 
composition of the heavy strand was 33.1% A, 
29.3% T, 24.2% C, and 13.4% G, with a strong AT 
bias of 62.499. There were seven regions of gene 
overlap totaling 95 bp and 11 intergenic spacer 
regions totaling 74 bp. Phylogenetic analyses (ML 
and Bl) among the Muntiacus genus based on the 
sequenced of  mitogenome and ND4L-ND4 
supported M. putaoensis as a member of Muntiacus, 
most closely related to M. vuquangensis. However, 
when analyses based on cyt b included two more 
muntjacs, M. truongsonensis was most closely 
related to M.  putaoensis rather than M. 
vuquangensis, and together with M. rooseveltorum, 
likely forming a M. rooseveltorum complex of the 
species. This study will help in the exploration of the 
evolutionary history and taxonomic status of the leaf 
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muntjac, as well as its protection as a genetic 
resource. 


Keywords: Muntiacus; 
Mitogenome; Phylogenetics 


Muntiacus | putaoensis; 


INTRODUCTION 


Muntjacs (Muntiacus spp., Muntiacinae, Cervidae) are a group 
of small solitary deer occurring in the forests of Asia. They are 
of great interest to evolutionary biologists and mammalogists 
due to their considerable chromosome variations (from 2n=6 
(Muntiacus reevesi) to 2n-46 (M. muntjak)) (Fontana & Rubini, 
1990) and discovery of new species in the last decades of the 
twentieth century, including M. vuquangensis (Tuoc et al., 1994), 
M. truongsonensis (Giao et al., 1998), and M. putaoensis 
(Amato et al., 1999; Rabinowitz et al., 1999). 

Muntiacus putaoensis is the most recently discovered 
species in this muntjac genus. It is named after the town of 
Putao, located in the most northern part of Myanmar, which is 
also its most recognizable reference point (Amato et al., 1999). 
Compared with other species, it is the smallest muntjac (mean 
adult body mass 12 kg), and is only half the size of the 
sympatric M. muntjak (22—29 kg) (Rabinowitz et al., 1999). 
Local people call it the leaf deer' because it is so small it can be 
wrapped in a single leaf of Phrynium capitatum (Rabinowitz & 
Khaing, 1998; Rabinowitz et al, 1999). Until recently, 
information on the distribution range of the species was limited 
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to northern Myanmar. However, it has since been found in the 
adjoining hill forests of southeastern Tibet, with the local name 
similar in meaning to its Myanmar name (Choudhury, 2007; 
Choudhury, 2009; Datta et al., 2003; James et al., 2008). 
Muntiacus putaoensis is endemic to the east trans-Himalayan 
region (including northern Myanmar and southeastern Tibet, 
China) the population of the leaf muntjac has decreased 
dramatically in recent years due to considerable degradation of 
its natural habitat and heavy hunting pressure (Rabinowitz & 
Khaing, 1998; Rao et al., 2010; Schaller & Rabinowitz, 2004). 
This species is listed as data deficient (DD) in the IUCN Red 
List of Threatened species as there is a lack of certainty about 
its taxonomy, distribution, population, natural history, and 
threats (Timmins & Duckworth, 2016). Previously the species 
was only known to occur along a 70 km east to west stretch in 
northern Myanmar, the new discovery means a two-fold 
increase in the total east-west range of this species (James et 
al., 2008). It also indicates that the extent of its geographic 
range is still being determined. 

The leaf muntjac was characterized and confirmed primarily 
by its diagnostic mitochondrial DNA (mtDNA) with several 
partial fragments (Amato et al., 1999). However, its taxonomic 
status remains controversial as it falls within a group of closely 
related ‘little’ muntjacs with strong morphological similarities, 
including M. rooseveltorum and M. truongsonensis (James, et 
al., 2008; Timmins & Duckworth, 2016). This species is 
characterized by short thin pedicles, small unbranched antlers, 
and relatively large preorbital fossa, with both males and 
females possessing canines (Rabinowitz et al., 1999). Because 
hunters usually cut off the lower jaw and part of the upper jaw, it 
is difficult to obtain complete skulls to compare with other 
muntjacs. In addition, the similarities in morphology also create 
difficulties when marking comparisons, thus requiring molecular 
genetic analyses. To date however, genetic data remain scarce, 
with only partial segments of mtDNA currently sequenced 
(Amato et al., 1999; James et al., 2008), which are insufficient 
for confirming the identity of this species or clarifying its 
phylogenetic relationship relative to other muntjacs. 

Here, we sequenced and analyzed the complete mitochondrial 
genome and two mtDNA segments of M. putaoensis, the aim of 
this study was to: 1) provide fundamental genetic data for 
further conservation genetic studies for this near cryptic 
mammal; 2) discuss the possible relationships among the 
genus of Muntiacus, especially that of M. putaoensis, M. 
rooseveltorum, and M. truongsonensis; and, 3) provide further 
discussion on the evolutionary history of this species. 


MATERIALS AND METHODS 


Sampling and laboratory procedures 

Seventeen M. putaoensis specimens were collected from Putao, 
Kachin state, northern Myanmar in three field trips (December 
2015, December 2016 to January 2017, and May 2017) (Figure 
1; Supplementary Table S1). Three skin samples were 
preserved in 95% ethanol, and 14 dry meat samples were 
preserved using silica gel for subsequent analyses. Voucher 
specimens were deposited in the Southeast Asia Biodiversity 


Research Institute, Chinese Academy of Sciences, in Nay Pyi 
Taw, Myanmar (Supplementary Table S1). 

Total genomic DNA was extracted from tissue using a 
DNeasy Blood & Tissue Kit (Qiagen, Shanghai, China). The 
master mixture for polymerase chain reaction (PCR) contained 
approximately 100 ng of template DNA, 1 UL (10 pmol) of each 
primer, 5 uL of 10x reaction buffer, 2 uL of dNTPs (2.5 mmol/L 
of each), and 2.0 U of Taq DNA polymerase, in a total volume of 
50 pL. Reactions were carried out on a Veriti Thermal Cycler 
(Applied Biosystems, Carlsbad, CA, USA) and always included 
a negative control. The M. putaoensis mtDNA segments (ND4L- 
ND4 and cyt b) were amplified using PCR with universal 
primers from previous studies (Irwin et al., 1991; Wang & Lan, 
2000). After visualization of the fragments using 196 agarose gel, 
the PCR products were sequenced from both ends using an 
ABI PRISM 3700 sequencing system with using the same 
primers as for PCR (Beijing Tianyi Huiyuan Bioscience and 
Technology Incorporation, Beijing, China). 

To obtain the whole mitogenomic sequence of M. putaoensis, 
we designed 16 pairs of primers based on previous studies 
(Hassanin et al., 2012; Larkin et al., 2007; Martins et al., 2017; 
Shi et al., 2003; Wu & Fang, 2005; Zhang et al., 20048, b). The 
primer sequences and approximate lengths of the amplified 
fragments from the whole genome are listed in Supplementary 
Table S2. All the primers were synthesized by Beijing Tianyi 
Huiyuan Bioscience and Technology Incorporation (Beijing, China). 


Sequence analyses 

Two mitochondrial DNA segments sequences were edited using 
the program DNASTAR 5.0 (DNASTAR Inc.), and were aligned 
using the CLUSTALW algorithm implemented in MEGA 5.05 
with default parameters (Larkin et al., 2007; Tamura et al., 2011). 
Positions of ambiguous alignment and those from variable 
length intergenic regions were excluded from further analyses. 
Identical haplotypes were collapsed using DNASP 5.1 (Librado & 
Rozas, 2009) The base composition of the mitogenomic 
sequence was analyzed using MEGA 5.05 (Tamura et al., 2011). 
We annotated the genome sequence using DOGMA (Wyman et 
al., 2004). 


Phylogenetic analyses 

Phylogenies of the two mtDNA segments and mitogenome 
were constructed using maximum likelihood (ML) implemented 
in PHYML 3.0 (Guindon et al., 2010). Bayesian inference (Bl) 
was implemented in MRBAYES 3.2.1 (Ronquist et al., 2012) 
using different parameter estimates for the two mtDNA 
segments and mitogenome. The most appropriate nucleotide 
substitution models for the two segments and genome were 
selected using the Akaike Information Criterion in JMODELTEST 
2.1.4 (Darriba et al., 2012). To assess the statistical significance 
of the hypothesized lineages, bootstrap analysis with 200 
replicates was used for the ML analyses, with other settings set 
to default. The posterior distributions were obtained by Markov 
Chain Monte Carlo (MCMC) analysis with one cold chain and 
three heated chains. Samples of the trees and parameters were 
drawn every 100 steps from a total of one million MCMC 
generations. Three additional runs were conducted, beginning 
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with random trees. A 50% majority rule consensus of the post- 
burn (using a burn-in of 25%) for all generations was computed 





0.02 substitutions/site 


for all four runs. Elaphodus cephalophus and Tragulus kanchil 
were chosen as outgroups to root the tree. 
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Figure 1 Maximum likelihood (ML) and Bayesian inference (BI) phylogenetic trees (GTR+G model) for Muntiacus based on 20 complete 


genomes from mitochondrial DNA 


Numbers on branches indicate bootstrap supports for ML followed by posterior probability in Bayesian inference analyses for the node. Stars indicate 


values are 100 (ML) and 1.00 (BI). 


RESULTS AND DISCUSSION 


Sequence data and genome content 

Cyt b sequences with a total length 1 140 bp were obtained 
from all 17 M. putaoensis individuals with four variable sites. 
We obtained 1 844 bp of unambiguous sequences (ND4L- 
ND4) from 13 individuals, which contained the complete 
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sequences of NADH dehydrogenase subunit 4L (ND4L), 
NADH dehydrogenase subunit 4 (ND4), tRNA?*, and tRNA"* 
genes, and a partial sequence of the tRNA‘ gene, with 15 
variable sites and six parsimony-informative sites. We 
detected three cyt b haplotypes and eight ND4L-ND4 
haplotypes separately (GenBank accession Nos. MF737179- 
MF737190, Supplementary Table S1). 

The complete mitochondrial genome features of M. putaoensis 


were identical to those of most other muntjac deer (e.g. 
Hassanin et al., 2012; Shi et al., 2003; Wu & Fang, 2005; 
Zhang et al., 2004a, b). The complete mitogenome sequence 
was a circular molecule 16 349 bp in length, and included 13 
protein-coding genes (ATP6, ATP8, COI-III, cyt b, ND1-6, and 
ND4L), two rRNA genes (12S and 16S rRNA), 22 tRNA genes, 
and one non-coding control region (D-loop), most of which were 
encoded on the heavy strand, except for ND6 and eight tRNAs 
(IRNA“", tRNA^P, (RNA, tRNA?5, tRNA™, tRNAP?, tRNASS, 
and tRNA‘). Notably, gene overlap and separation, common 
characteristics found in other vertebrate mitochondrial genomes, 
were also observed in the M. putaoensis mitogenome. There 
were seven regions of gene overlap totaling 95 bp (varying from 
1 to 40 bp) and 11 intergenic spacer regions totaling 74 bp 
(varying from 1 to 32 bp) (Table 1). The overall base 
composition of the heavy strand was 33.1% A, 29.3% T, 24.2% 


C, and 13.4% G with a strong AT bias of 62.4%. Nearly all 13 
protein-coding genes started with the common initiation codon 
ATG, whereas ND2, ND3, and ND5 started with ATA. In addition, 
10 protein-coding genes shared the complete stop codons TAA 
or TAG (TAA for NDT COI, COII, ATP6, ND4L, ND5, and ND6, 
and TAG for ND2, ATP8, and ND3), whereas the remaining 
three protein-coding genes (ND4, COU and cyt b) possessed 
incomplete stop codons with a terminal T or TA. The 22 tRNA 
genes were interspersed along the genome, with lengths 
varying from 60 to 75 bp. The lengths of 12S rRNA and 16S 
rRNA were 958 and 1 568 bp, respectively, located between 
tRNA‘? and NA 27 YY) ang separated by tRNA“. The D-loop 
region was located between tRNA'? and tRNA''*, and was 914 
bp in length. The base composition of the D-loop was A-29.9%, 
T-31.9%, C-23.1%, and G-15.1%, reflecting a strong feature in 
A and T (A+T=61.8%). 


Table 1 Characteristics of the mitochondrial genome of Muntiacus putaoensis 


Gene/Element From To Length (bp) 
tRNA-Phe 1 69 69 
12S rRNA 70 1027 958 
tRNA-Val 1028 1095 68 
16S rRNA 1096 2663 1568 
tRNA-Leu (UUR) 2665 2739 75 
ND1 2742 3698 957 
tRNA-lle 3698 3766 69 
tRNA-GIn 3764 3835 72 
tRNA-Met 3838 3906 69 
ND2 3907 4950 1044 
tRNA-Trp 4949 5016 68 
tRNA-Ala 5018 5086 69 
tRNA-Asn 5088 5160 73 
tRNA-Cys 5193 5260 68 
tRNA-Tyr 5261 5329 69 
COl 5331 6875 1545 
tRNA-Ser (UCN) 6873 6941 69 
tRNA-Asp 6949 7016 68 
COII 7018 7701 684 
tRNA-Lys 7705 7771 67 
ATP8 7773 7973 201 
ATP6 7934 8614 681 
COIII 8614 9398 785 
tRNA-Gly 9398 9466 69 
ND3 9476 9823 348 
tRNA-Arg 9814 9882 69 
ND4L 9883 10179 297 
ND4 10173 11550 1378 


Codon 
Start Stop Intergenic nucleotides Strand! 
H 
H 
H 
1 H 
2 H 
ATG TAA -1 H 
-3 H 
2 L 
H 
ATA TAG -2 H 
1 H 
1 L 
32 L 
L 
1 L 
ATG TAA -3 H 
/ L 
1 H 
ATG TAA 3 H 
1 H 
ATG TAG -40 H 
ATG TAA -1 H 
ATG TA- -1 H 
9 H 
ATA TAG -10 H 
H 
ATG TAA -/ H 
ATG T-- H 
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Continued 


Codon 

Gene/Element From To Length (bp) Start Stop Intergenic nucleotides Strand! 
tRNA-His 11551 11619 69 H 
tRNA-Ser (AGY) 11620 11679 60 1 H 
tRNA-Leu (CUN) 11681 11750 70 -9 H 
ND5 11742 13571 1830 ATA TAA -17 H 
ND6 13555 14082 528 ATG TAA L 
tRNA-Glu 14083 14151 69 4 L 
cyt b 14156 15290 1135 ATG T-- 8 H 
tRNA-Thr 15299 15368 70 -1 H 
tRNA-Pro 15368 15435 68 L 
D-loop 15436 16349 914 - 


“Numbers correspond to the nucleotides separating different genes. Negative numbers indicate overlapping nucleotides between adjacent genes; Ý H 


and L denote heavy and light strands, respectively. 


Phylogenetic analysis 

The phylogeny of the genus Muntiacus has long been debated 
(James et al., 2008; Timmins & Duckworth, 2016). Here, we 
conducted a phylogenetic analysis using complete mitochondrial 
genomes from five muntjac species (others have not yet been 
sequenced for mitochondrial genomes) (Figure 1). Additional 


A 


FF — Tragulus kanchil 


sequences and species were included in phylogenetic analysis 
based on ND4L-ND4 (Figure 2A) and cyt b (Figure 2B). The ML 
and Bl analyses recovered the same tree topologies (Figure 1 
and 2). 

The three different level sequences obtained in this study (i.e., 
complete mitogenome, ND4L-ND4, and cyt b) provide insight 
into the taxonomic status of Muntiacus. 
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Figure 2 Maximum likelihood (ML) and Bayesian inference (BI) phylogenetic trees (GTR + G model) for Muntiacus based on ND4L-ND4 
genes (A) and cyt b gene (B) 

Numbers on branches indicate bootstrap supports for ML followed by posterior probability in Bayesian inference analyses for the node. Stars indicate 
values are 100 (ML) and 1.00 (BI). 
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Based on the complete genomes (Figure 1), the data showed 
two major clades within the genus of Muntiacus, one of which 
included M. putaoensis, M. vuquangensis and M. reevesi, and 
the other M. crinifrons and M. muntjak. In the latter clade, M. 
crinifrons was positioned on a distinct branch as sister to M. 
muntjak. Within M. muntjak, three phylogenetically and 
geographically distinct groups were previously identified by 
Martins et al. (2017). We determined the leaf muntjac (M. 
putaoensis) to be a member of genus Muntiacus, most closely 
related to M. vuquangensis, with M. reevesi as their sister 
species. However, as genomic data for other muntjacs is still 
unavailable, further genomic research on more species may 
illuminate different relationships within this taxon. 

Previous phylogenetic information has been provided for the 
genus Muntiacus from mtDNA genes (Amato et al., 1999; 
Wang & Lan, 2000) Based on eight haplotypes of M. 
putaoensis obtained in this study, combined with the ND4L- 
ND4 sequences of six other muntjacs downloaded from 
GenBank, our phylogenetic results showed M. putaoensis as a 
member of genus Muntiacus (Figure 2A), consistent with the 
above mitochondrial genome findings. 

However, when M. truongsonensis and M. rooseveltorm were 
included in analyses based on cyt b (Figure 2B), we found that 
M. truongsonensis, rather than M. vuquangensis, was most 
closely related to M. putaoensis. Furthermore, we observed 
only weak support (bootstrap supports for ML/posterior 
probability in Bl271/0.60; Figure 2B) among these three species, 
and that they all likely belonged to the M. rooseveltorum 
complex of species. This result is consistent with previous 
morphological studies (James et al., 2008; Timmins & Duckworth, 
2016). 

Complete mitogenome data of M. putaoensis would be 
fundamental to research phylogentic relationship and conservation 
genetics of muntjac genus. As the current conclusion is based 
on analysis of only a few mtDNA fragments, comparison of 
longer sequences or genomes will be more convincing. More 
studies based on genome are required to better illuminate 
wholesome view of phylogenetics and evolution in this 
extraordinary taxon. 
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